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1.    Introduction. 


The  pi-eseut  ox]^priineuts,  the  expenses  of  wliicli  wei-e  defrayed  bv 
tlie  J^iiliq.  Inv.  Committee  out  of  tlie  fund  specially  alloted  for  the 
investigation  of  the  elastic  properties  of  rocks,  serves  as  a  complement 
to  tlie  note,  recently  published  by  the  author,  on  the  modulus  of  rigidity 
of  rocks.*  Some  of  the  specimens  wei-e  one  and  the  same  with  those 
used  in  the  last  investigation,  and  the  othei's  were  prepared  also  in  a 
similar  manner.  The  principal  object  of  the  present  investigation  is 
not  to  determine  any  accurate  value  of  the  modulus  of  elasticity,  but 
to  determine  whether  the  modulus  is  constant  within  tolerably  wide 
limits  or  not,  and  if  it  is  not  constant,  how  it  varies  with  the  amount 
of  sti'ess  or  with  time,  and  other  factoi-s  which  affect  the  change.  The 
modulus  is  measured  by  the  method  of  flexure ;  but  the  apparatus  is 
not  so  simple  like  one  which  is  generally  employed.  It  would  not 
l)e  therefore  supei*fluous  to  describe  the  details  of  the  apparatus  in  the* 
next  section. 

2.    Arrangements  and  Flexure-apparatus. 

In  the  measurement  of  flexure,  the  methotLs  of  cathetometi-e  or  of 

♦  This    rnbUcation.    No.    14.    19(>3.   Tokyo.    The    Jonr.    of    tbr   Col.  of   Sci.,  Imi>, 
Univ.  of  Tokyo,  .lapan.  Vol.  XIX,  Art.  Vu  1003. 
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•     •• 

•      •  •  • 

iiiK'n>iiietre«crew  are  generally  pat  aside.     Tlie    metlmd  of  mim>r  aud 

•.^ili;  Fig.  1,  PL  I,  as   modified  bv  A.    Kuui^,*  is  generally   adopted 

•  •  • 

*tlioi]gh  that  of  optical  interfeienoe  is  more  acenrate.  The  apparatns  as 
designed  in  the  present  experiment  combines  the  adTautages  of  Konig's 
arrangement  with  other  necessary  appliances.  The  principal  features 
of  the  improvements  are: — (1)  to  bend  the  specimen  cyclically  from 
one  side  to  the  other,  with  increasing  and  decreasing  force  passing 
through  zero  ccmtinnoosly ;  (2)  to  eliminate  any  external  dLstnrbance 
soch  as  minnie  rotation  of  the  specimen  or  slight  displacements  of  the 
scale  and  telescope. 

First  arranffernent : — A  rough  sketch  of  the  first  arrangement  is 
shown  in  Fig.  2,  PI.  I.  The  specimen  is  ]>lace<l  horizontally  and  bent 
righthandedly  or  leftluiudedly,  so  tliat  the  pbiue  of  cnrratm^  is  horizontal. 
There  are  necessarily  fonr  folcmms  and  two  scales  instead  of  two  and 
one  respectively.  As  in  Kdnig*s  metliod,  the  twice-reflected  image  of 
the  first  scale  Si  is  seen  in  the  field  of  the  telescope  T;  and  beside 
this  an  inage  of  the  second  scale  S^,  once  reflected  by  the  mirror  3/« 
is  also  to  be  seen. 

Second  nrrangemerd : — In  Fig.  3,  PI.  I,  the  second  arrangement  is 
sliown  in  its  rough  sketch.  As  in  the  first  ariTiugement,  the  specimen 
is  ])laced  liorizontally  and,  when  it  is  lient,  its  plane  of  cnrvatnre  is 
also  horizontal.  Tliere  is  only  one  scale ;  but  two  more  miiTors  3/, 
and  3/4  are  rigidly  fixed  to  the  support,  while  i/,  and  M^  are  atached 
to  the  specimen.  Four  difiierent  images  of  one  and  the  same  scale  <S 
could  be  seen  in  the  field  of  the  telescope  7\  Fig.  4,  PL  L  They  are 
all  reflected  twice  by  the  following  miiTors  respectively: — 

Bight  upper  image  i-eflected  by  tlie  muTors  J/|  and  Jl/^, 
Right  lower      „  „  ,.      „  „        3/,  and  iVj, 

Left  upper        „  „  „      „  „        3/,  aud  J/„ 

Left  lower         „  „  „      „  „        M^  and  i/^. 


*  A.   Konig.    Ueber  eioe   nene   Methode   zar  Bestimmnng  des  ElastlcitUte  modnls  . 
Wied.  Ann.  28,  1886. 
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Flexure  Appdratiis: — In  PI.  I,  Figs.  5  and  6  show  front  and  side- 
view  of  the  flexure  appai*atiis  while  Fig.  7  shows  it  in  the  plan. 
The  two  mirrors  J/,  and  M.,  mtate  as  the  specimen  is  bent,  while  the 
otlier  miii'ors  il/^  and  M^  are  fixed  unless  the  apparatus  itself  is  dis- 
phiced.  The  fulcnims  i^„  F^y  F^  and  F^  in  Fig.  7  ai-e  so  adjusted 
tliat  the  edges  of  any  two  of  them  lie  in  a  vei-tical  plane.  A  small 
fmme-work  F,  which  is  sliown  in  Figs.  6  and  7  and  more  minutely 
in  Fig.  8  PL  II,  serves  to  apply  bending  force  to  the  specimen.  The 
frame-work  consists  of  two  wedges,  one  fixed  (IF,)  and  the  other 
movable  ( W^  inside  a  proper  case.  After  having  put  a  specimen 
between  the  two  wedges,  the  movable  wedge  JFj  can  be  pushed 
firmly  against  tlie  si^ecimen  by  a  fixed  screw  S.  In  the  extx-emities 
of  the  strings  S^  and  S-^,  which  run  over  small  pulleys  Pj,  P.^  etc.  to 
the  neighbourhood  of  the  observer,  some  weights  are  lumg  which  give 
the  bending  force.  The  support  of  the  fulcnims  is  made  of  soft  iivn, 
which  is  rigidly  screwed  on  a  wo(xlen  block.  Fivm  Fig.  5,  PI.  1,  it 
would  be  easily  seen  that,  when  equal  weights  ai'e  liang  on  both  Si 
and  ^2,  no  bending  force  acts  on  the  specimen,  and  that  it  is  the 
difference  of  weights  hang  on  the  two  strings  which  is  effective  to 
bend  the  specimen.  That  is  to  say,  if  nii  and  niri  are  the  two  weights 
hang  on  the  two  strings  Si  and  S^  respectively,  then  their  sum  mi4- 
fHi=MQ  resists  the  action  of  the  bending  force,  the  last  of  which  is 
due  to  theii*  diffei-ence  7/^— mi  =  il/.  For  future  reference,  J/y  and  Al 
will  be  called  tlie  Kesisting  mass  and  the  Eflective  mass  respectively. 

When  the  effective  mass  is  positive,  i.e.  as  moi-e  weight  is  hang 
on  the  string  St  tlian  on  ^Sj,  the  specimen  is  supported  by  the  ful- 
crums  F^  and  F4,  and  it  becomes  comvex  towards  the  righthand  side. 
In  the  other  case,  it  becomes  convex  towards  the  lefthand  side,  sup- 
ported by  the  fulcrums  jP,  and  F2.  The  fulcrums  standing  face  to 
face,  i.e.  Fi  and  F^  or  F2  and  F^,  ai-e  clamped  not  to  push  too  tight- 
ly against  the  specimen,  as  there  is  a  possibility  of  the  bending  of 
the  specimen  being  hindered  by  friction. 

A  telescope,  provided  with  a  micrometer-screw,  is  rigidly  clamped 
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on  a  tripod.  Tlie  scale,  engi-aved  on  a  ground-glass  plate,  20  cm. 
long  and  2  cm.  wide  is  covered  by  a  black  lK)aiti  having  a  slit,  8  mm. 
wide,  and  is  illuminated  by  a  row  of  small  gas  flames. 

3.    Order  of  Observation. 

Order  of  observation  is  generally  as  follows : — 

1.  To  begin  with,  equall  weights,  each  ^  i/o,  aie  hang  on  the 
strings  /S,  and  S.^. 

2.  A  specimen  is  put  between  the  fulcrums,  passing  tln-ough  the 
framework  Fy  the  last  of  wliich  is  to  be  clamped  on  the  middle  imii 
of  the  specimen.  The  planes  passing  thi*ough  the  edges  of  the  ful- 
cnims  standing  face  to  face  should  be  normal  to  the  length  of  the 
specimen. 

3.  The  mirroi-s  are  so  clamped  in  their  proj^er  jxjsitions  that  the 
images  of  the  scale  reflected  by  them  stand  side  by  side  within  the 
field  of  the  telescope.     This  adjustment  requires  much  experience. 

4.  Tlie  constants  of  the  micrometer-sci-ew  for  all  images  are 
determined.  Tliey  are  nearly  equal  to  each  other  but  not  strictly. 
One  mm.  of  the  scale  division  is  equal  to  about  20  divisions  of  the 
micrometer-screw,  which  is  again  equivalent  to  i-otation  of  5.17G  x  10"^' 
rad.  =  l".068. 

5.  Zei-o-readings  are  taken  for  all  images  in  a  fixed  order  ;  i.e. 
(i)  right  up|3er  image,  (ii)  right  lower  image,  (iii)  left  upper  image, 
(iv)  left  lower  image. 

6.  The  suspended  weights  consists  of  some  fourty  pieces  of  equal 
weights.  A  definite  number  of  pieces,  say  {  m,  was  taken  off  from 
one  string  and  added  on  the  other.  The  bending  forces  due  to  this  is 
obviously  lug,  where  (j  represent  the  value  of  giavity.  The  time-record 
cori-esponding  to  tliis  transposition  of  weights  is  taken. 

7.  After  a  certain  time,  the  readings  are  noted  for  all  images  in 
the  same  order  as  in  the  case  of  zero-i-eading. 

8.  Second    transposition    of    weights ;    tlie    time  iiecoi-ded ;    scale 
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rcodiugs  noted ;  aud  so  on  till  a  definite  amount  of  bending  forces  is 
reached. 

9.  The  weight  is  then  transposed  in  tlie  opposite  way  so  that 
the  force  diminishes  gradually  and  ultimately  becomes  oppositely 
directed.  In  this  way,  a  series  of  observations  ai-e  made  to  complete 
the  cyclic  pi-ocess  sevei'al  times. 

10.  Fix)m  tlie  amoimt  of  the  deviations  of  the  images,  the  amount 
of  bending  due  to  corresponding  force  are  calculated,  by  a  pitx^ss  to 
be  explained  m  the  next  section. 

4.    Process  of  Calculation. 

Process  of  calculation  naturally  divides  itself  into  two  according 
as  the  fii*st  or  the  second  arrangement  is  adopted. 

For  the  fii*st  aiTangement  we  luive : —     In  Fig.  9,  PI.  II,  let 
SPE  be  the  initial  position  of  the  specimen, 

Stfl^  and  Urrii     „      „       „  „  „     „     mirroi-s  3Ii  and  31 

respectively, 
ah  and  AB      be  the  initial  positions  of  the  scales, 
T  be  the  position   of   the  telescope. 

SupiK)se,  for  the  fii-st  case,  the  effective  mass  Ji  to  be  positive  so  that 
the  specimen  takes  the  position  SP'E  and  the  mirror  Sjhi  and  EtHi' 
takes  the  positions  Sm2  and  Em/,  rotating  thiough  an  angle  ±« 
respectively.  And  also  suppose,  then,  the  specimen  to  be  ix>tated 
through  an  angle  /9  so  that  the  last  positions  of  the  mirmi-s  are  S'/n-j 
and  E'm/  i-esjDectively.  Note  that  the  i-otation  of  the  specimen  is 
generally  not  negligible,  although  the  fulcrums  as  well  as  the  apparatus 
itself  ai-e  absolutely  fixed.  If  the  specimen  be  perfect  s(][uare  prism 
and  the  plane  passing  thi-ough  the  edges  of  the  fulcnims  /,  and  F.^ 
or  I\  and  F^  perpendicular  to  tliat  passing  through  those  of  the  fulclums 
Fi  and  jPs  or  Fj  and  F^,  the  specimen  can  not  rotate.  The  above 
condition,  however,  could  not  be  satisfied  in  the  actual  case,  so  that 
the  specimen  rotates  whenever  the  effective  mass  changes  its  sign. 


s.  kusakaije:     modulus  of 

Let         J/J/'  =  c,     AM'  =  Z>,     JJa  =  (/,  then  it  may  be  easily  seen  tliat 

1,-7 


4«=arctgj-±-(o6--^^i?)| 


Now,  iu  so  far  as  tlie  ])i"eseut  experiment  goes,  the  firat  two  terms  in 
the  righthand  member  are  only  effective:  e.g.  for  the  cjase  of  a  piece 
of  sjindstone  which  seems  to  be  one  of  the  rocks  having  the  smallest 
mocliUas  of  elasticity,  we  had 

J/=3000  grams,     f/6  =  3.131)  cm.,     Zfl=:--1.525  cm.,     c=12.8  cm., 
</=. 235.3  cm.,     />  =  248.5  cm. 

so  that  ab-  '''-ZZ/=3.0GU,         A  -^|f7>-—Ztf[=  0.00017. 

Thus,  the  magnitude  of  the  thii-d  term,  and  a  pridi  all  the  following 
terms,  is  within  the  erroi-s  of  observation.     Hence  we  have 

1  1-7        C 
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It  may  be  easily  proved  that,  in  other  cases  whei^  eitlier  the 
cmvatui-e  or  the  rotation  of  the  specimen  or  both  of  them  cliange  their 
signs,  the  same  formula  holds  good,  pi"ovided  (ih  and  All  are  considei'ed 
as  the  algebraic  quantities  having  positive  or  negative  signs. 

The  amoimt  of  rotation,  i.e.  ^),  is  calculated  fmm  the  formula 

'       2         "DID 

I.e.  ,i=z — _— ^/. 

'       2/> 

In  the  example  above  cited,  we  have 

6t-t^=3.07xl0-^     «^3.25xl0-^    ^9:= -0.18x10-^      radians. 

Here  it  will    be  noted  that    the  value    of  ^9  was   geneially   small  and 

constant  i-elative  to  that  of  a,    except  in   some  particular   cases  which 

could    be   easily   expected.      When   any    small   enx)r   occured    in   the 

evaluati(jn  of  </,  it  cHused  an  enormous  discontinuity  upon  the  value  of 

^9,  so  that  the  crix>r  could  be  easily  discovered  on  tracing  the  c^e  of  ^J. 
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For  the  second  aiTangement  wo  liave : — In  Fig.  10,  PL  II,  let 
the  zeiYvreadings  be  taken  when  the  telescope  is  in  T  while  the  mir- 
rors 3/,  and  Jl/j  in  the  position  Mm^  and  the  min-ors  M.,  and  M^  in 
the  position  il/'mj.  In  reality,  the  i-eflections  of  light  by  the  mirrors 
took  place,  as  a  matter  of  course,  in  the  space  of  tliree  dimensions ; 
but,  for  the  sake  of  simplicity,  let  us  aasume  that  the  path  of  the 
ray  of  light  lias  wholly  on  the  plane  of  the  paper.  Let  ah  l)e  the 
position  of  the  scale,  and  suppose  that  a  is  a  point  which  gives  its 
images  in  the  field  of  telescope  after  reflecting  at  S  and  S'.  Suppose 
that,  after  a  certain  number  of  operations,  the  specimen  is  l>ent,  it  is 
i-otated  and  also  the  telescoj^e  is  displaced  and  rotated  relative  to  the 
scale.     Let  their  respective  values  l>e  given  by 

«= angle  through  which  the  minxir  TIf,  is  rotated  a«  the  speci- 
men is  bent, 
—  a= angle  through  which  the  mirror  J/,  is  rotated  as  the  speci- 
men is  bent, 
/9=angle  through  which  the  specimen  is  iY)tated, 
o=the  component  of  the  displacement  of  the  telescope    pai'al- 
lel  to  the  scale. 

Note    that    the    component    pei'pendicular    to    the    scale    is 
negligible  relative  to  the  distance   l)etweon    tlie    scale    and 
the  telescope. 
;'  =  Tlie  amount  of  rotation  of  ihe  telescope, 
nien,  if  0  and  <o  denote  the  angles  between  tlie  mirroi-s  M.,  and    J/^, 
Mx  and  M^  respectively,  we  have. 

TABLE.    L 


Specimen  convex  to 

righlhand  side 

lefthand  side 

notation  of 
the  Rpeoimen  : 

clock  wine 

counter 
clockwise 

clockwise 

connter 
clockwise 

9 

o-)8 

a  +  P 

-a  +  i8 

-o-i8 

w                  '         —a—fi 

-a-f/S 

«  +  )8 

a-B 

s.  kusakabe:     modulus  of 


That  is  to  say,  piTivided  a  and  ^  are  taken  jxs  algebmic  quantities 
liaviug  proper  signs,  we  have 

r«;  =  ^9— «. 
Let  T*  be  the  last  position  of  the  telescopei  and  put 

^.?7.  =  the  deviations  of  the  right  upper  image,  which  is  i-eflected 

by  the  miiTOi-s  il/,  and  ilfj, 
7?.Z.  =  the  deviations  of  the  right  lower  imago,  which   is  retlected 

by  the  mirrors  JIf,  and  M^^ 
L.  r/.  =  the  deviations  of  the  left  upper  image,   which    is    reflected 

by  the  minT)rs  3fj  and  3/^, 
/>./>.  =  the  deviations  of  tlie  left  lower  imago,    which    is    reflected 
by  the  min'ors  3/j  and  J/^. 
Tlien,  from  simple  geometry,  it  may  be  easily  pi-oved  tluit 

7^.  ?/.  r=  f) -1- ( Z>  +  c + d);- -  2(/r£i  4- 2(r + rif)/y. 
where  «.9  =c,     ftn=df     Ts'  =  P. 

If  there  is  no  disturbance,  evidently  we  have 

^9  =  0,     yt=0,     r;=0, 
So  that  L,L,=0, 

R,U.=z2{c4-d)a'\-2da-^4:\d+^[a, 
the  last  6f  which  is  a  well  known  form. 

In  all  cases,  we  must  have  a  rehvtic  n  between  the  i(,ur  values  as 
follows : — 

Tlie  difference  of  the  two  sums  indicates  an  eiTor  of  obseiTation ; 
whence  it  gives  the  means  of  selecting  connect  ones  fiT>m  numerous 
observations.  For  instance,  in  the  case  of  a  piece  of  sandstone  wo 
have : — 
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TABLE,    n. 


M. 

7/.r. 

li.L. 

L.V. 

L.L. 

1 

Krror. 

L12il 

0.521) 

o!^593 

-o!o04 

1.125 

1^122 

o!o03 

12(0 

1>>70 

0.780 

0.877 

-0.000 

1.0(U 

\M(\ 

-0.002 

15(10 

2.201 

1 

1.03J) 

1.150 

-0.007 

2.107 

2.108 

-0.001 

To  cnl(»iilate  tlio  .iTncniut  of  bending,  wo  liavo  four  0(|Ufttions 
containing  four  nnknown  quantities.  Tliere  is,  however,  one  function- 
al i-elation  l)etween  the  four  equations.  At  the  same  time,  the  un- 
known quantities  also  may  be  reduced  into  three,  as  d  and  y  appear 
always  in  one  and  the  same  combination. 
Rit  x^L.L. 

x-\-yz=L.U. 
x+z=Ii.L, 
Then  x+y-\-z^Ii,U. 

Taking  any  three  of  tlie  four  equations,  we  may  solve  them.  It  is 
preferable,  hcnvevoi*,  to  use  all  four  equations,  since  none  of  them  is 
strictly  coiTect.  Ap])lying  the  metluxl  of  least  squares,  we  have  the 
normal   ec  (nations 

2x+2y^z  =LJ\^R.U. 
2x\-y  A-2z  =  H.L.^It.U, 
The  solution  is  given  by 

./;^1{:{.  A./>. -f  i.  r.  +  7?./:.- //.  r  I, 


.v-|j(/:.r.+/;.r.)-(/:.7:. +  //./:.)}, 


wh(Mo 


z=2{c-\-d% 
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and  6  =  a+i3 

Eliminating  x,  y,  z,  6  and  to  from  the  ateve  equations,  we  have 
«= A  ^±^J{I{. U.-L.L.)+{L. ir.-R.L.)-S^ \ 

^     8  rf(c+rf)r  '^^  c+2rf) 

In  the  case  lately  cited,  we  have 

TABLK    m. 

c  1    c+2d 

c=12.4cm..        d=241.5om.,        — —-= 2.503x10-*,        -r-  -.-=  1.0099 xlO-» 


c+2d 


8  d(c-\-d) 


M 

B.U.-L.L. 

RX.^L.IL 

a 

)8 

9C0  grams. 
1200 
1500 

1.133  cm. 

1.670 

2.211 

-O.OGl  cm. 

-0.088 

-0.120 

11.4fixl0-<  rml. 

16.05 

22.36 

-0.93X10 -^nul. 

-1.31 

-1.76 

It  is  to  l)e  noticed  that  in  the  above  calculation,  tangent  and  arc  of  an 
angle  are  taken  to  be  equal  to  each  otlier.  The  greatest  angle  to  l>e 
dealt  with,  indeed,  is  y-\-W  —  ^io  which  is  of  an  order  of  10~^  radian  : 
whence  the  difference  between  the  tangent  and  the  arc  is  of  an  order 
lO'*;*  that  is  to  say,  it  is  of  an  oi-der  of  10" *  of  their  own  amounts, 
which  is  within  the  error  of  observation. 

The  relation  between  the  modulus  of  elasticity  and  the  amount  of 
bending  is  given  by  the  well  known  formula 

where  a  and  h  are  the  bi*eadth  and  thickness  of  the  specimen,  while 
I  is  the  distance  between  the  cori*esponding  fulcrums. 


5.    Preliminary  Experiments. 

The  last  investigation*  with   i-egard    to    the    modulas    of    rigidity 
proved    a    great    deviation    from  Hooke's  law  even  in  the  case  of  the 


*  Loc.  cited. 
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smallest  strain.  Pi-eliniiuary  ex\)erimeiits  showed  it  to  be  alike  also 
iu  the  case  of  beudiug.  Fig.  11  iu  PL  II,  shows  the  result  of  obsena- 
tiou  on  a  piece  of  mic^ischist,  No.  42^.  The  ordinate  represents  the 
amount  of  diviation  of  the  image  in  tlie  iii-st  an*angement,  while  the 
ab8cis.sae  i^presents  the  con-esponding  effective  mass  in  grams.  It  is 
clear  ait  a  glance  tliat  thoi'e  is  a  gi-eat  amoimt  of  residual  bending 
when  the  force  becomes  nil,  and  also  that  the  residual  vanishes  very 
mpidly  when  an  oppositely  du-ected  force  is  applied.  Such  is  always 
the  aise  in  magnetic  hystei^esis,  especially  at  heigh  temperature^,*  and 
no  one  would  doubt  the  result. 

Examinning  more  accurately,  however,  it  was  proved  that  the 
latter  fact  was  false.  The  deviation  above  stated  was  not  due  to  the 
trending  of  the  specimen,  but  also  to  its  rotation.  Evaluating  these 
c|uantities  sei^rately  in  the  manner  above  given,  we  have  the  i-esults 
given  in  Fig.  12  and  Fig.  13  in  the  same  plate.  Fig.  12  can  be 
taken  as  the  hysteresis  curve  in  the  relation  between  the  bending  and 
the  force,  while  Fig.  13  gives  the  amount  of  rotation  of  the  specimen 
during  a  cycle.  When  a  series  of  obseiTation,  is  completed  within 
one  or  two  hours,  rotation  of  the  specimen  is  the  only  correction  re- 
quii-ed,  so  that  the  first  arrangement  is  sufficient  to  be  relied  upon. 
As  tlie  experiment,  however,  is  to  be  continued  during  several  hours 
or  even  for  days,  it  is  safer  to  use  the  second  armngement. 

Injluence  <^'  the  Besisting  Mass : — To  get  rid  of  the  influence  of 
friction,  etc,  the  resisting  mass  is  kept  constant  during  the  whole  Ex- 
periment. Now  it  may  be  doubted  that,  as  the  resisting  mass  in- 
creases with  the  total  mass  to  be  moved,  it  might  have  some  influence 
uppon  the  hysteresis  curve.  To  examine  this  point,  a  series  of  experi- 
ments was  made  on  a  piece  of  sandstone.  No.  3^.  The  resisting  mass 
was  1000,  1300,  1600,  1900  grams  iu  each  successive  experiment 
respectively,  while  all  otiier  conditions  remained  the  same  through  the 
four  experiments.     During  the    experiment,    1^'50"'  — 5M6"'    P.M.,    19*'' 


*  D.K.  Morriw.    On  the  Mngnetic  proiKjrtieK   nn*!    j-lectrical   TloHiRtiinco   of    Iron   ns 
dependent  iip^n  Temperature.     Tbil.  Mag.  Vol.  4*.  1S'.»7. 


IZ  S.    KUSAKA13E;      MODULUS   OF 

March  11)03,  the  temperatm-e  of  the  i*ooiu  changed  from  12°-8  to  12^2, 
who«e  iufluence  upon  the  elasticity  may  Ije  neglected  as  we  shall  see 
soon  after.  To  get  rid  of  any  influence  of  its  initial  state,  the  result 
was  adapted  after  two  complete  cycles  in  each  experiment.  In  PI.  III., 
the  curves  in  Fig.  14  show  the  relations  between  the  amoimt  of  bend- 
ing and  the  corresponding  efl'ective  muss  for  successive  exj^eriments. 
The  curves  in  Fig.  15  show  the  variation  of  the  modulus  of  elasticity 
due  to  the  change  of  bending  force  during  one  complete  cycle  on  the 
above  experiments. 

It  may  be  necessary  to  \vi'ite  a  remark  on  the  meaning  of  the 
term  "Modulus  of  Elasticity.'*  As  there  is  a  great  amount  of  hys- 
tei-esis  in  the  i-elation  of  sti^ss  to  strain,  the  ordinary  conception  of 
the  modulus  of  elasticity  is  necessarily  vague  and  uncertain.  The 
actual  resistance  to  the  deformation  in  any  state  wliatever,  be  it  al- 
ready bent  or  twisted,  elastic  or  plastic  at  that  state,  w^ill  be  taken  as  the 
measure  of  elasticity  at  that  state.  Hence,  in  the  above  example,  the 
modulus  is  measui-ed,  step  by  step,  by  the  increase  of  l>ending  per  200 
grams  increase  of  the  effective  mass.  In  each  cuive  of  Fig.  15,  the  right 
and  left  branches  correspond  to  the  cases  where  the  specimen  was 
bent  convex  towards  righthand  or  lefthand  side  respectively,  while  tli^ 
lower  branches  cori-espond  to  the  increasing  stress  and  the  upper  to 
the  deci'easing  one.  Comparing  tlie  cui'ves  in  these  figuies,  we  may 
safely  conclude  that  the  presence  of  the  i-esistiug  mass  has  no  sensible 
iufluence,  or,  if  any,  it  is  negligibly  small. 

6.    Yielding  and  Recovery  from  the  Yielding. 

Tlie  phenomenon  of  yielding,  though  it  is  not  so  enormous  as 
ill  the  ciuse  of  toi-sion,  is  still  sufficiently  great  to  l>e  dejilt  with.  A 
piece  of  sandstone,  No.  3„  was  loaded  with  J/y  — 3300,  iV— 3000  grams 
at  4"27-  P.M.  9^".  Feb.  1003. 

At  the  instiint  of  loading  we  had  '/  =  27,95  x  10"*  for  the  amount  of 
bending  whicli  increased  to  oj  =  33.80  x  lO"*  at  8''G"'  P;M.  and    to    a— 
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60.57  X  10"*  at  8''33"'  of  the  next  morning.  Further  observation  was 
continued  during  about  two  weeks  till  the  yielding,  though  it  was 
steadily  increasing,  was  much  obliterated  by  the  influence  of  the  tem- 


l^erature-change.     The  amount  of  yielding   since    3''30" 
given  in  the  following  table.* 


P.M.    10^"    is 


TABLE.    IV. 


Specimen  Xo.  3^.  Sandstone.  Loaded  at  4»'27»«  P.M.  U">  Feb.  lUOa.  J/=3UU0  grs., 
J/o  =  33UO  gre. 

Total  amount  of  bending  o  =  ao+«i  +  02,  where  a^,  = '27.05 X 10 -\  a^  =  32.6255 10-*  +  /. 
in  radian. 


Time 

Temperature. 

02 

Time 

Temperature. 

Ol 

10"«  P.M. 

llti.  A.M. 

3h  30'" 

12:0 

U.O0xlO-*rad. 

ll'»  53"' 
P.M. 

10:2 

10.25x10-*  rad. 

3    51 

11.3 

0.02 

U    4S 

10.1 

10.43 

4    10 

10.8 

0.15 

1     14 

10.1 

10.54 

4    35 

10.0 

0.25 

1     4() 

1().G 

10.53 

5      G 

9.5 

0.58 

2       5 

11.5 

10.85 

(i     19 

9.2 

1.44 

2    30 

11.9 

11.G9 

6    39 

9.1 

1.82 

2    54 

12.1 

13.55 

7       5 

9.3 

2.17 

3     14 

12.2 

14.99 

7    31 

9.2 

238 

a    34 

12.3 

1G.87 

7    58 

9.0 

2.52 

3    52 

12.4 

18.41 

H    24 

9.0 

3.19 

4     13 

12.4 

20.31 

8    45 

8.8 

3.2G 

4    40 

12.1 

22.G<i 

9    12 

8.8 

3.52 

5      1 

11.7 

23.8<; 

9    35 

8.7 

3.70 

5    21 

11.5 

24.44 

9    47 

8.G 

3.9C 

i>     10 

11.4 

25.53 

llt'»  A.M. 

H    25 

r,.4 

8.79 

G    28 

ii.r> 

25.83 

H    47 

(5.7 

9.07 

G     52 

11.5 

2G.U4 

9     10 

7.0 

9.31 

7     IG 

11.4 

26.25 

9    30 

7.3 

9.29 

7     37 

11.3 

2(5.50 

9    52 

7.9 

9.52 

7    5G 

11.0 

VG.70 

lU     14 

S.I 

9.77 

8    24 

II.U 

2G.85 

10    42 

8.7 

J».91 

8    41 

10.8 

2i;.9l 

11       (1 

S.t) 

[)M\ 

\i      G 

1U.7 

26.9(; 

11     28 

l^(; 

10.11 

etc.  etc. 

etc. 

etc. 

*  On  noun  of  tlii«  day,  llie  teloHcopc  was  Hligbtly  dirttnrved  so  that  the  total  Bum  ot 
tbc  yielding  could  not  be  known.  lUtcr  tbis  event.  I  devi«eil  tlie  second  arrange- 
ment. 
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It  will  be  seeu  that  the  ainoimt  of  heuding  iuci-eased,  in  a 
coiu-se  of  two  aud  half  days,  to,  at  least,  more  than  thi*ee  times  (»f  its 
initial  amoimt.  The  above  result  as  well  as  the  fm*ther  yielding  of 
the  same  specimen  are  plotted  on  PL  IV.  Even  after  some  tenth  of 
thousands  of  minutes,  steady  inci-ejise  of  bending  could  be  seen.  It 
is,  indeed,  questionable  whether  thei-e  is  any  limit  to  the  yielding  or 
not.  One  instance  where  a  plate  of  marble,  i-esting  horizontally  on 
four  ixwts  at  the  comers,  in  a  coui-se  of  about  half  a  centuiy,  was 
considerably  bent  by  its  own  weight,  is  i-epoi-ted  by  T.  J.  J.  See.* 
Hex-e  it  may  be  remarked  that,  in  Fig.  17,  there  is  an  abnormal  iu- 
ci*ease  of  bending.  Close  examination  showed  that  it  was  the  effect 
of  temperatiu'e-rise,  as  we  shall  see  in  the  next  section. 

Recovery  from  live  yiddiwj : — It  is  of  no  small  intei-est  to  ex- 
amine whether  the  yielding  above  stated  is  elastic  or  pennanent. 
From  an  investigation  by  F.  D.  Adams  and  J,  T.  Nicolson,t  it  is 
evident  that  even  such  a  comparatively  rigid  rock  as  marble  may  be- 
come wholly  plastic  under  suitable  condition.  In  that  ciise,  an  enorm- 
ous change  of  shape  occurred  in  a  comparatively  shoi-t  time  and  it 
seemed  to  be  permanent.  For  instance,  the  diameter  of  a  cylinder  in- 
ci^ased  by  1.388  times  of  its  initial,  bulging  out  by  endpressui-e  in 
only  18  minutes.  The  stmctui'e  of  the  marble  defcnmed  in  64  days 
was  essentially  the  sjime  in  character  as  that  which  was  deformed  to 
the  same  extent  in  10  minutes.  The  folding  of  ixxjks  and  other 
kindered  phenomena  pertaining  to  the  manifold  cliange  of  sliape  in 
i*ocks  ai-e  found  in  great  abundance.  It  is  never  out  of  question 
whether  Such  phenomena  had  occun-ed  in  a  shoii  time  under  w^hoUy 
plastic  condition  and  now  is  in  ^^ermanent  set,  or  they  are  the  results 
of  yielding,  pi-ogressing  from  time  to  time,  wixmght  by  the  continuous 
action  of  stress,  and  always  ready  to  recover  frtmi  their  over-strained 
state. 


*  The  secular  bending  of  a  mnrble  slab  iintler  itK  own  weight.    Nature.  Nov.  20.  1{)02. 
t  An    experimental    investigation  into    tbe   flow   of   marblo.    Phil.   Trans,   of  tbo 
11.  S.  A.  Vol.  iy5.  lyoi. 
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If  the  latter  were  the  case,  it  would  not  be  wholly  unconcievable 
that  an  overstrained  portion  of  the  earth's  crust  i-ecovers  gradually 
after  its  stress  liave  been  removed  by  some  geological  disturbance, 
llien,  this  phenomenon  of  recovery  may  be,  to  be  sure,  one  of  the 
causes  of  after-shocks  of  an  earthquake,  since  ultimate  result  of  this 
phenomenon  must  be  equal  that  which  may  be  produced  by  an  op- 
positely directed  stress. 

A  piece  of  sandstone  No.  i)^  i-emained  loaded,  Jf=3000,  ilfo=33()() 
gi-ains,  since  4'»27'"  P.M.  9^''  Feb.  1903  till  7"50"'  P.M.  23"'  of  the 
same  month,  during  14d  3h  23m  i.e.  20363  minutes.  Then  it  was  un- 
loaded, J/=0,  3fQ= i^^QO  grams,  and  the  amount  of  residual  bending 
was  observed  from  instant  to  instant.  As  in  the  case  of  torsion,  it 
recovered  gmdually  and  incesantly.  The  result  of  the  experiment  is 
given  in  the  following  table. 

TABLE.    V. 


Specimen  No.  3^.    Sandstone. 
Loaded  at  4^27"»  P.M.    9ti»   Feb.         3/=  3000  grs.    3/„  =  33C0  grs. 
Unloaded  at  ?»»  SO*"  P.M.  23"J   Feb.    3f=0  „      J/„  =  3300  grs. 

Amount  of  residnnl  bendirg  =  a;— o;     a  =  amonnt  of  recovery. 


Time. 

a 

Time. 

a 

23"J  P.M.  7»» 

bl^ 

20.87X10-*  rml. 

24th  P.M.  1'' 

3S»n 

27.50X10-* 

rad. 

52 

21.50 

2 

37 

28.(Ki 

55 

21.87 

3 

15 

28.30 

57 

22.02 

4 

33 

20.(M; 

8 

0 

22.:}() 

5 

34 

20.28 

4 

22.51 

0 

43 

31.00 

(i 

22.37 

7 

14 

31.27 

!) 

22.50 

8 

18 

31.47 

17 

22.(J'» 

9 

41 

31.84 

24 

22.05 

25»''  A.M.  10 

0 

34.44 

57 

23.32 

P.M.    0 

42 

37.03 

9 

35 

24.52 

27th  A.M.    8 

12 

45.27 

24»h  A.M.  8 

3 

25.01 

P.M.    5 

28 

47..38 

Thus,  the  amount  of  recovery  l)ecaine  increased,  in  a  coui-se  of  alwnt 
four  days,  by  more  than  twice  its  initial  value.  The  result  is  also 
shown  in  Figs.  18  and  19,  PL  IV.  ^ 
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Effeet  of  i-eeoverv  on  cycles  ia  to  bo  seen  fi-om  Fig.  20  in  PI.  V. 
Another  piece  of  sand'^tone,  No.  43,  was  loaded  with  il/=3000,  ^f^^= 
3300  g3:mns  during  2647  minutes.  Then  it  was  released  gradually 
from  the  load  and  treated  in  a  cyclical  manner  as  usual.  The  i-esult 
is  given  in  the  following  table : — 

TABLE.    VI. 

sped  men  Ko.  4^.    Bandstone. 

from  6»»  35*°  P.M.  200^   May,  llKiii 

to       2''  12'^'  l\M.  22"^'  Pf  the  same  month : 

then  it  is  unloaded  and  Icmled  oyelicall^'. 


M. 

First  cycle. 

Second  cycle^ 

Third  cy<-lp. 

in  granitt  weight. 

a  m  mdinDft. 

a  in  IHiliftn«. 

(t  in  nidiitnfi. 

atro 

24,21X10* 

t3.12X10-< 

i7.noxlo-* 

2700 

2T,flf» 

laS!) 

17.51 

24«Ml 

sa24 

lfl,U 

.im 

2\m 

2L47 

17,51 

Kt.50 

imo 

21.5!) 

lfi.54 

1&J2 

1500 

91130 

nm 

14.71 

1200 

lfi.fl7 

14.50 

13.5(1 

9^)0 

17.25 

ia25 

12.22 

mi 

IS,  52 

liji9 

}i\i\:^ 

3(KJ 

laai 

UM 

n,02 

000 

11.31 

im 

7.07 

^3W» 

f>m 

5.51 

4.U2 

^(sno 

iVfiR 

a.41 

2  5!l 

—1100 

12!> 

1.3fJ 

liM 

-1200 

1R4 

^O.fi2 

^^1.13 

^1500 

— n.70 

^2.ns 

~3.42 

^imt 

-3.12 

—  S.03 

-trAiy 

-wv 

-5.3S 

-7.m» 

—7.7s 

^3400 

—0.35 

— o,r*2 

—am 

—21m 

—11,17 

-11 .02 

^11.8ti 

-3000 

-^13.47 

— ia8fi 

— 13,fi1 

-270,1 

"l;104 

— i3.a« 

-13.15 

— 2*^<i 

— r2.4ft 

— l2.ftQ 

-l^M 

^2{m 

— 11,«:t 

-12^20 

^11,^7 

^im> 

"lUO 

11.3:1 

^ii.:*i> 

— IBOfJ 

— 

^-in.TO 

— ifinf) 

— 12C0 

-8.05 

^ft*fi4 

^nju 

^l»0(» 

-7.5r. 

— ft.oi 

— 7.iin 

—iMi\ 

-il.0'2 

— fi.5r> 

-^G.:»7 

"tSMJ 

—3.03 

--t,:*3 

-ifii 

000 

-2.02 

-  2  r»7 

^3.:h'. 

:wii 

o.(ni 

r>.2H 

^0.70 

mi 

JJl 

IJO 

i.;i2 

:nhj 

4JR 

3.^1 

342 

121 R) 

*i.lO 

MS 

-i.HR 

1j(¥> 

BJifi 

7,rii 

7,33 

IKtO 

I0ji7 

IJ.72 

11.^5 

2hn\ 

i2r^i 

n  H! 

11.47 

]im\ 

1 4.7-1 

r.v.H\ 

13.1*1 

'>im 

n;.t»:t 

^t\H2 

13.3:1 
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Hm?  i-osnlt  18  also  shown  iu  Fig.  20.  PI.  V. 

As  i\  natural  eonsequenee  of  yielding  aiul  recovorv,  a  piece  of  lYwk 
under  over-strain  is  not  indiflferent  of  the  direction  of  the  second 
sti-ess  to  l>e  applied,  even  after  the  piece  ha^;  long  l>een  in  the  strain- 
ed condition.  For  instance,  a  piece  of  sandstone.  No.  84,  was  sub- 
jected to  a  force  due  to  il/"=— 1500,  J/,,  =  3300  gi'ams  during  1041 
minutes  and  then  a  second  force  was  applied  in  the  same  direction 
as  the  fii-st  one.  In  the  next  place,  the  same  piece,  was  acteil  by 
the  s:ime  force  during  1234  minutes  and  then  a  second  force  was  ap- 
plied in  the  opposite  direction  a«  the  fii-st  one.  The  changes  of 
llexui"o  for  equal  change  of  force  were  very  different  in  these  two 
cases,  as  shown  in  the  following  table  : — 

TABLE.    Vn. 


1 
.1/=  .1/,  -f  .1/j.    Snbjectpa       Siilgectcd  under  M^  =  -1500 
nnilor  ^f^  =  —  1 500  grams     1 
(Inrit  g  1041  idIdiUps.          grams  <lnring  1234  minutes. 

Started  from  nenlral  state : 
i.e.  M^=0. 

>/, 

a 

3/, 

a 

M, 

a 

-600 

—1)00 

—1200 

-1500 

etc. 

-2.CK)XlO-< 

-4.20 

-7.4S 

—11.17 

—15.00 

etc. 

300 
GOO 
!»00 
1200 
1510 
otc. 

o.soxio-" 

2.25 
4.31) 
0.25 
11.20 
etc. 

300 
GOO 
900 
l-2<0 
15(0 
otc. 

2.58X10-* 

0.43 
11.40 
10.05 
22  30 

etc. 

The  result  is  also  shown  in  Fig.  21,  PI.  Y. 


7'    Effect  of  Temperature. 

llie  curve  of  yielding  given  in  Fig.  17.  PI.  TV,  as  it  was  noted 
in  the  last  section,  is  very  irregular,  inci'easing  with  abnormal  rapid- 
ity in  some  moments.  Comparing  this  with  the  curve  of  temperature- 
change  during  the  same  time,  we  may  |)ercieve  at  a  glance  that  the* 
disturbance  of  yielding  con-esponds  to   the    variation   of   temperature. 
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In  PI.  VI,  Figs.  22-25,  tlie  temperature  and  the  amount  of  bending 
are  plotted  against  the  laps  of  time  respectively,  In  Fig.  22,  there 
is  an  abrupt  increase  of  bending  between  46"'  and  49*''  hours.  In  the 
corresponding  part,  we  notice  the  rise  of  temperature.  There  is,  of 
coui-se,  more  or  less  time-lag  on  the  part  of  j'ielding,  since  a  piece  of 
rock  requires  raoi-e  time  to  get  on  the  same  temperature  as  the  sur- 
rounding air  than  a  mercuiy  thermometer. 

Here  it  must  be  i-emarked  that  the  rise  of  temperature  is  never 
an  ultimate  cause  of  tlie  increase  of  bending.  It  is  neither  more  nor 
less  than  an  inducer.  The  amount  of  increase  of  bending  induced  by 
a  rise  of  temperature  depends  wholly  on  the  capability  to  yield  at 
that  instant.  When  the  capability  is  large,  an  enormous  inci-ease  of 
l)ending  takes  place  induced  by  a  little  rise  of  temperatm^e.  Ijooking 
on  the  figures,  for  instance,  we  see  that  the  rise  of  tempemture  was 
moi-e  rapid  during  64"' — 70"'  lioiu-s,  while  the  amount  of  yielding  dur- 
ing the  same  time  was  compai'atively  small. 

In  so  far  as  the  temperature-rise  is  a  mere  inducer,  the  i-esulting 
flexure  must  lie  iiTeversil)lo.  The  flexure,  however,  decreased  a  little 
during  71*^'  hour,  when  the  temperature  descended  with  great  rapidity. 
Tlie  above  pfliows  that  one  part  of  the  flexure  is  reversible  with  regani 
to  the  chau^  of  temperature.  Whence  we  must  conclude  tliat  the 
elTect  of  temperature  is  double :  firstly,  it  a<5ts  as  an  inducer, — i.e.  it 
facilitates  the  flexure-change  caused  by  other  agent ;  seconlly,  it  is  one  of 
the  ultimate  causes  of  the  flexure-change.  For  the  first  part,  there  can 
be  no  numerical  relation  between  the  variations  of  both  flexure  and 
temperature.  For  the  second  part,  however,  a  functional  relation  must 
exist  connecting  the  two  variations.  These  two  effects  always  appeal's 
hand  in  liand.  Wlien  the  capability  to  yield  is  large,  the  second  part 
must  be  obliterated  by  the  first  one.  After  a  long  time,  as  the  capa- 
bility to  yield  tend  to  vanish,  the  second  pnrt  becomes  the  principal 
one.  This  was  really  the  case  with  the  present  experiments,  as  we 
shall  see  in  the  annexed  figures  in  PI.  VI. 

In  Figs.   23-25,    the   con-esponding    curves   ai-e    similar    to   each 
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other,  with  an  exception  to  be  explained  in  the  following  lines.  Left 
parts  of  the  two  cmves  in  Fig.  23  and  right  parts  of  those  in  Fig. 
25  are  not  pai*allel ;  on  the  conti-ary,  they  converge  towai-ds  the 
right.  Examining  tliem  more  minutely,  we  percieve  that  this  ab- 
noniiity  takes  place,  when  and  only  when  the  temperature  is  lower 
tlian  a  definite  degree  Ca.  9°.C.  When  the  temperature  is  higher 
thiin  this,  the  two  curves  proceed  parallel  to  each  other ;  in  other  case 
they  are  symmetrical  to  each  other.  That  is  to  say,  the  amount  of 
bending  increases  with  the  rise  of  temperature  in  the  fii-st  caee,  but 
it  decreases  in  the  second  case,  and  vice  versa. 

Tlie  alx)ve  fact  is  also  contained  implicitely  in  the  ciu've  of  bend- 
ing in  Fig.  22.  From  40*^'  to  48^'  hour,  the  temperature  rose  with 
great  rapidity,  but  the  abrupt  increase  of  bending  took  place  only 
after  4©''  hour,  which  indirectly  shows  that,  during  40*^''-46"'  hour,  as 
the  temi)eratiu'e  was  below  the  neutral  point,  the  rise  of  temperatiure, 
on  the  contraiy,  diminished  the  yielding. 

The  relation  between  temperatui-e  and  bending  is  given  mure 
clearly  in  Fig.  26  of  the  same  plate.  The  curve  has  a  neutral  point 
in  the  neighbourhood  of  Ca.  9®C.  Tliat  is  to  say,  the  elasticity  of 
sandstone  is  maximum  at  tliat  temperatui-e  in  so  far  the  change  due 
to  tempei'atui'e-variation  is  concerned.  In  the  case  of  the  rigidity- 
modulus,  we  had  a  i-esult  strictly  analogous  to  this  effect. 

To  determine  any  general  i-elation  between  elasticity  and  tem- 
peratiu*e  requires  further  investigation  by  a  special  an-angement. 
Here  it  is  sufficient  to  remark  only  that  though  the  change  of  flexure 
due  to  the  variation  of  temperature  is  unexpnjtedly  great,  yet  it  is 
almost  negligible  as  compared  witli  the  total  « mount  of  iiexui^e.  In- 
deed, the  inci-ease  of  bending  per  degi-ee  of  temperature-inse  in  the 
C5ase  of  sandstone  is  of  an  order  10"^  of  its  total  amount. 

8.    Hysteresis  Curve. 

Looking  on  the  cuiTe  in  Fig.  12,  PI.  II,  we  see  that  thei-e  is  a 
tendency  on  tlie  part  of    the    roi-k    to    pei-sist    in    any    strained    state 
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wliicli  it  111113*  Iwivo  ucquii-ecl,  especially  when  the  variatiou  oi*  the 
sti-ess  cliauges  its  sigu.  The  ciuve  is  closed  and  it  is  also  of  simjile 
and  regular  form,  though  its  path  during  the  increjise  of  stress  dilfei-s 
entii-ely  from  that  duiing  the  deci-ease.  A  moi"e  clcjse  examination 
will  pmve  that  the  on-curve,  when  it  is  turned  thi-ough  two  right 
angles,  ])ecomes  c<->incident  with  the  oil-curve.  All  rocks,  in  so  far  Jis 
the  author  has  investigated  on,  have  this  property  in  common,  though 
they  diftei-s  in  the  curvatui-e  of  the  curves  and  other  minute  details. 
Figs.  27-50,  I^ls.  VI HX,  show  the  hystei-esis  ciu'ves  of  several  rocks 
of  diflei-ent  kinds. 

From  wliat  was  stated  above,  it  is  evident  tliat  all  these  s^xjci- 
mens  had  symmetry  on  both  sides,  with  the  exception  of  one  or  two 
schistose  rocks.  When  a  si^ecimen  was  in  a  strained  state,  or  when 
it  hjul  a  crack  or  the  like,  the  curve,  however,  lost  its  symmeti\y  so 
that  the  curve  did  not  close,  or  else  the  on-curve  could  not  be  bi"ought 
in  coincidence  with  oft-cmve. 

There  is  one  im]X)i'tant  fact  which  deserves  t<j  be  hei"e  mentioned. 
Although  the  hysteresis  cui-ve  is  of  a  definite  form  and  traces  one  and 
the  same  curve  when  a  specimen  is  bent  and  unbent  many  times 
cyclically,  the  direction  of  the  elongation  of  curve  d<jes  not  lemain 
fixed  when  the  amplitude  of  the  cycle  (i.e.  the  gi-eatest  amount  of 
stress  applied  to  the  specimen  during  the  cycle)  is  varied.  As  a 
general  nile,  the  hysteresis  curve  becomes  more  and  more  vertical 
when  the  amplitude  of  the  cycle  is  further  and  further  increased. 
Figs.  51-53  fully  explains  this  fact.  When  the  centi-e  of  the  cycle 
coii^sponds  to  the  strained  state,  Fig.  53,  this  variation  of  the  direc- 
tion seemed  to  be  rather  ra])id. 

The  amount  of  hysteresis,  which  is  to  be  meiisured  by  the  ai-ea 
enclosed  by  the  cuiTe  or  by  some  fimction  of  it,  is  not  necessarily 
gri?ator  for  the  rock  liaving  smaller  mcxlulus  of  elasticity.  For  ex- 
ample, red  schalsteine  No.  14,  has  smaller  mcxlulus  of  elasticity  (2.30- 
3.09x10")  than  marble  No.  63  (3.2i-3.51  x  10"),  but  the  former,  has 
smaller    hysteresis    tliiin    the    latter,    as  it  will  be  seen  from  Fig.  31, 
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PL  VII.  itiid  Fig.  41,  n.  Vni.  GeiierHlly  speaking,  however,  tlie 
Hinoimt  of  hysteresis  is  least  for  archjieaii  rocks  and  iucreases  ra])id- 
ly  for  new  ro(;ks. 

9.    Variation  of  the  Modulus  of  Elasticity  During 
the  Cycle. 

As  it  was  noted  in  the  former  sections,  tlie  nicxJiilus  of  elasticity 
is  never  ccjnstant  for  a  given  piece  of  nxik.  In  the  case  of  sjindstone, 
given  in  Fig.  15,  PI.  Ill,  it  is  evident  that  the  variation  of  tlie 
modulus  obeys  one  and  the  same  law  for  both  on-  and  ofF-curve,  in 
so  far  as  the  centre  of  cycle  is  at  the  neutral  state  of  the  specimen. 
That  is  t(^  say,  the  curves  in  Fig.  15  are  symmetrical  with  i*espect  to 
the  axis  of  oixlinate. 

Further  examples  showing  how  the  modulus  of  elasticity  varies 
dm-ing  one  complete  cycle  are  given  in  Figs.  54-65,  Pis.  XI  and  XII., 
for  several  different  kinds  of  rocks.  Each  kind  of  rock  seems  to  have 
its  special  character.  If  Hooke's  law  were  to  hold  good,  four  branches 
of  each  curve  would  all  slu'ink  to  a  single  horizontal  stright  line. 
In  the  case  where  no  hysteresis  exists,  both  the  upper  and  the  lower 
bninches  would  coinside  with  each  other  to  make  a  line  not  neces- 
siirily  straight. 

For  all  cases  of  rocks  hem  experimented  \\\you,  the  upper  branch 
is  concave  towards  the  positive  axLs  of  the  ordinate.  As  to  its  cliarac- 
ter,  however,  the  variety  is  very  abundant ;  circular,  hyperbolic, 
parabolic,  oval,  and  other  curves  of  higher  order  of  complexity.  The 
left  lower  branch,  indeed,  is  a  continuation  of  the  right  upper  one, 
and  vice  vei*sa.  But,  in  sa^'ing  circular  or  parabolic,  etc.,  we  assume 
left  upper  branch  jis  a  continuation  of  the  I'ight  upper  one,  and  vice 
\ei-sa.  The  cmvatui-e  of  the  lower  branches  is  turned  sometimes 
upwards  and  other  times  downwai-ds.  That  is  to  say,  one  piece  of 
ixxsk,  e.g.  Fig.  61,  chloriteschist  No.  26„  becomes  more  and  moi-e  stiff 
jis  it  is  l)ent  further  and  further,  while  other  piece,  e.g.  Fig.  62, 
marble  No.  (l^,  bcc(nnes  more  and  more  flexible. 
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¥i\nn  tlie  above  fact,  it  seems  that  the  pixjcedure  of  bending  had 
opjxjsite  effect  ou  the  elasticity  of  tlie  specimens  in  the  two  cjists, 
chloriteschist  and  marble.  This  fact,  however,  may  be  easily  under- 
stood from  the  following  explanation.  When  a  piece  of  rock  is  bciit 
by  an  increasing  force  fuiiher  and  further,  thei*e  must  be  a  limit  as 
to  the  amount  of  strain  beyond  which  it  can  not  go  on,  or  else  it 
breaks  down :  i,e.  The  piece  firstly  becomes  more  flexible  and  then, 
after  having  reached  to  a  minimum  elasticity,  it  begins  to  become 
more  and  more  stiflf  until  it  breaks  down  at  last.  Hence  whether  the 
cuive  is  convex  or  concave  up  or  down  depends  wholly  ii\xm  the 
ratio  of  the  actual  stress  to  the  breaking  one.  This  IVict  is  typiadly 
shown  by  the  case  of  graphiteschist,  Fig.  59,  PI.  XI. 

Though  it  is  not  easy  to  determine  any  law  according  to  which 
the  modulus  of  elasticity  varies  with  the  phase  of  the  c^cle,  we  may 
find,  as  a  fii'st  approximation,  an  empirical  expression  for  each  s[3eci- 
men.  For  instance,  in  the  case  of  sandstone  whose  experimental 
result  is  figiu-atively  given  in  Fig.  15,  PI.  Ill,  we  have  two  parabolic 
equations  expressing  the  upper  and  the  lower  branches  i-espectively. 
If  1/  and  X  represent  i?xlO""  and  the  pliase  i-espectively,  we  have 
for  the  upper  branch,  ?y|  — 0.243 -f-  0.92  ar  with  a  probable 
eiTor=  ±0.013, 

and  for  the  lower  branch,  //. =0.243  + 0.043  ar  with  a  probable 
eiTor=  ±0.004, 
As  a  matter  of  fact,  the  constant  term  of  t/i  is  equal  to  that  of  2/2 ; 
it  represents  the  modulus  of  elasticity  at  the  state  where  no  external 
force  is  acting.  These  two  parabolic  expressions  are  traced  in  Fig. 
66,  in  PI.  Xni.  Assuming  this  relation  between  the  modulus  of 
elasticity  and  the  phase,  we  may  easily  calculate  the  amount  of  flex- 
ure for  the  specimen  corresponding  to  any  bending  force  not  greater 
than  that  due  to  1000  grams  of  weight.  Tlie  result  of  calculation  is 
given  in  Fig.  67,  PI.  XIII,  which  coincide  with  the  observed 
value  within  a  probal^le  erroY  ±7.5  x  10"^  while  the  amount  of  bend- 
ing due  to  J/=  1000  giams  is  1334  x  10"^ 
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III  the  case  of  a  piece  of  chloritescliist,  No.  2G,,  Fig.  61,  PI.  XII 
the  upi^er  branch  can  be  represented  by  an  hyi)erlK)la 

f       ^ 1 


(5.75)-^      (0.35)-^ 

or        ?/=-/;  33.13  +  122.523?';     ,     probable  error=  ±0.13. 

Yov  one  kind  of  granite,  No.  9„  Fig.  54,  PI.  XI,  on  the  other  hand, 
the  relation  is  given  by  an  ellipse 

(6.21)^         (0.93)*""       ' 

or        ?/= 10.09--/!  38.56 -44.4a:^<     ,       pi-obable  error  =  ±0.12. 

Tliis  expression,  of  course,  is  applical>le  only  within  a  certain  limit 
i.e.  phase  <0.93. 

In  so  far  as  the  author  experimented  upon,  the  modulus  of 
elasticity  of  all  rocks  can  be  expressed  afi  a  simple  and  definite 
function  of  the  pliase  in  a  cyclical  process,  provided  the  specimen 'is 
not  too  near  its  brejiking  state. 

In  the  following  table,  the  constant  term  of  the  expi-ession  for 
eveiT  specimon  is  given  as  the  modulus  of  elasticity  of  seveml  rocks. 
It  corresponds  therefore  to  the  value  of  the  modulus  of  elasticity  at 
the  instant  when  the  bending  force  l)ecame  zero  during  the  specimen, 
whose  section  is  about  one  centimetre  square  and  the  distance  l)e- 
tween  the  fulcrums  is  10  cm.,  was  l)ent  c^'clically  on  l>oth  sides  by 
a  force  varying  between  those  due  to  il/=3000  gmms  weight.  The 
value  at  any  other  state  under  diflferent  conditions  should  l>e,  with 
all  probability,  gi*eater  than  those  given  in  this  table. 
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TABLE.    Vm. 


No. 

Rock. 

Locality. 

Kicd. 

Density 

Mt  d.  of 
elaiHticity. 

Mean  K. 

P^Telocity 

of  Long. 

Wave. 

ARCH^AN  ROCKS. 

Xl0i>(c.g.8 

.) 

Kilom. 
Second. 

31.. 
4B.. 

Qiiartzschist. 
QnartzschiRt. 

Chichibu. 
Gumma. 

Metamorphic. 
ft 

2.67 
•2.62 

10.48—7.07 
8.41—8.40 

8.78 
8.41 

5.73 
5.07 

«!• 

Serpentine. 

Chichibn. 

Eruptive 
(altered). 

2.72 

7.73-7.21 

7.47 

5.24 

40,. 
18.. 

Micaflchist. 
Cliloriteychist. 

Ibaraki. 
Chichibn. 

Metamorphic. 

2.54 

2.88 

6.49-5.92 
8.03-5.39 

0.21 
7,01 

4.9 1 
4.!»3 

7,. 

Peridotite. 

Knji. 

Eruptiye 
(altered). 

2.61 

0.73-5.83 

0.28 

4  91 

•20.. 
22.. 
24.. 

42,. 

Chloriteschist. 

Gabbro. 

Graphiteschiflt. 

Qniphiteschist. 

Micftschist, 

Chichibu. 
Ibaraki. 

Metamorphic. 

Ernptive. 
Metamorphic. 

ft 

PALJEOZOIC 

2.82 
2.71 
2.59 
2.56 
2.03 

ROCKS. 

7.03—0.29 
0.21—5.57 
5.12—4.93 
3.09-3.37 
1.29—1.16 

0.66 
5.89 
5.03 
3.53 
1.23 

4.80 
4.(i6 
4.41 
3.71 
2.16 

12,. 

St.. 

AdinolcRlnte. 
Clayslnte. 
G'.nnite. 

Gumma. 
Aumi. 
Miknge. 

Sedimentary. 

f» 

Eruptive. 

2.64 
2.71 
2.54 

10.99-10.23 

10.71—9.08 

4.31—3.00 

10.61 
9.90 
3.99 

6.34 
6.r4 
3.96 

21.. 

Liir.estone. 
!ilarble. 

Chichibu. 
Kuji. 

Sedimentary 

( Metnmoi  pho^eil ). 

2.6'4 
2.08 

4.14-3.05 
3.51-3.24 

3.90 
3..38 

3.84 
3.55 

14.. 
32.. 
1(1,. 
29.. 

Rod  Schalfttein. 

Pyroxenite. 

Granite. 

Limestone. 

Aumi. 
Gumma. 
Kagawa. 
Gumma. 

Sedimentary. 

»« 

Eruptive. 

Metamorphic. 

TERTIARY  I 

2.43 
2.90 
2.57 
2.00 

tOCKS. 

3.09—2.39 
2.90—2.91 
2.30-2.10 
2.06-1.92 

2.74 
2.94 
2.20 
1.99 

3.36 
3.18 
2.93 
2.74 

35.. 
50. 

Sandstone. 
/Two  Pyroxene 
1     Andesite. 
TnflF. 

Rhyolite. 

Sandstone. 

Sandstone. 

Chichibu. 
Awomori. 

Sedimentary. 

? 

2.47 

2.70 

3.55-3.51 
4.04-2.38 

3.53 
3.21 

3.78 
3.44 

2,. 
5,. 

Izn. 

Yecliizen. 

Kii. 

Choshi. 

Sedimentary. 

Eruptive. 
SeUmentnry. 

V 

1.90 
2.40 
2.25 
2.21 

1.39—1.36 

0.90—0.77 
0.68-0.57 
0.34—0.20 

1.38 
0.84 
0.63 
0.27 

2.69 
1.87 
1.67 
1.11 

DILUVnJM  I 

lOCKS. 

'Jc 

Andesite. 
Andesite. 

Gumma. 
Gumma. 

Eruptive. 

2.63 
2.32 

4.:36-4.31 
0.68-0.03 

4.34 
0.06 

4.06 
1.09 

10.    Mean  Value  of  the  Modulus  of  Elasticity 
During  One  Cycle. 

lu   the  last  soetion  we  loarned  that  the  niocinhis  (^f  olastieity  varios, 
during  one  cycle  accordiug  to  a  definite  law.     When  a  piece  of    rock 
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is  Ix^ut  l)v  a  forco  aud  iiuheiit  I)}-  virtue  of  its  elastic  pi'opei'ty,  it  is 
not,  evidently,  the  modulus  of  elasticity  at  auy  perticular  state,  which 
determines  the  vibmtory  motion  of  the  I'ock.  Modulus  of  elasticity  at 
all  different  phases  of  the  vibratory  motion  equally  play  their  paHs 
in  causing  the  motion.  Hence,  to  know  the  apparent  modulus  of 
eljisticity  during  one  complete  vibration,  we  mast  take  mean  vahie  of 
the  m<xlulus  of  elasticity  at  all  different  phasc»s. 
Let  (fr  be  tlie  mean  v;ilue,  then  we  have 

(^.=  [ydx 

Jo 

where  //  is  tlio  nuKhilus  of  elasticity  expi'essed  as    a    function    of    the 

phase   .r. 

If  tlie  relation  1  etween  x  and  //  is  parabolic,  we  have 

{i=[(a-^bx')  ilx=a+ib. 
For  the  case  where  it  is  hyperbolic,  we  have 

Vt=\-^Vo'  +  jr  </.r  =  2^|a?\/rr4-.r'-f  o-'  log  (x  -f  \/fr+ar  )  |. 

We  may    nssume,    with    nil    probability,    that    the    function    is    a 
])<)wer  series 

//=r/^,4-Oi.rf  cr..a^-f- , 

Then  ^*  =  ( 2^  ^"^"^'-^ '"  ^-^• 

Eor  a  piece  of  sandstone,  when  the  maximum  bending  force  dur- 
ing tlie  cycle  was  equal  to  that  due  to   JlfrrSOOO  gi*ams,  we  liave 
for  the  upper  branch,         //,~(M52   -f2.35r'- 
for  the  lower   branch,         //.^ 0.152  +().()82.rl 
Hence,  in  this  case,  we  have 

i.e.  61  =  0.152x3.07x10". 

Thus,  the  mean  vabue  Qf  taken  for  one  complete  cycle  is   3.G7    times 
gi-eater  than  the  value  E  taken  at  the  state  of  no  bending  force. 
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11.    Diminution  of  the  Modulus  of  Elasticity  Due  to 
Increase  of  the  Amplitude  of  Cycle. 

As  it  was  lately  noted,  the  hysteresis  curve  becomes  moi^  mikI 
more  vertical  when  the  amplitude  of  cycle  is  further  and  further 
increased.  Tliis  fact  expi*esses  tliat  the  mean  elasticity  gi-adually 
weakens  as  the  amplitude  of  cycle  increases.  The  variation  of  the 
modulus  of  elasticity  in  each  cycle  given  in  Fig.  52,  PI.  X.  is  shown 
in  Fig.  68,  PI.  XII.  At  a  glance,  we  see  that  the  greater  the  amplitude, 
the  lower  the  curve.  In  Fig.  69,  PL  XIII,  the  same  result  is  shown 
in  a  somewhat  different  manner.  Tlie  moduhis  is  expressal  as  a  function 
of  the  phase  in  the  cycle.  It  will  be  seen  that  the  modulus  of  elasticity 
cin-esponding  to  one  and  the  same  plipse  of  the  cycle  is  generally 
greater  when  the  amplitude  is  smaller. 

In  this  case,  also,  the  curves  can  all  be  represented  by  a  series 
of  paralxJic  expressions.  The  constant  terms  of  them  are,  of  course, 
not  ecjiml  to  each  other:  i.e.  they  ai-e 

TABLE    IX. 


Amp.  (i.e.  JPl  in  gram«.) 
E.  (c.5r„9X  101 1) 


Tliis  relation  between  the  amplitude  of  cycle  and  the  modulus  of 
elasticity  is  also  shown  in  Fig.  70,  PI.  XII.  Thas,  it  is  verj'  important 
to  notice  how  the  modulus  of  elasticity  diminishes  when  the  amplitude 
of  the  cycle  inci'eases. 


12.    Increase  of  the  Modulus  of  Elasticity  due  to  the 
Strained  State  of  the  Specimen. 

In  the  case  of  the  modulus  of  rigidity,  it  was  noted  that  the 
modulus  is  compai-ativel}'  greater  in  a  strained  than  in  the  neutral 
state.     This    is  also  the    case  for  the  modulus   of  elasticity.      Here  it 
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will  suffice  to  give  oue  example.  Firstly,  a  piece  of  sandstone  No.  43 
was  applied  with  a  force  increasing  by  JM=  300  grams  step  by  step. 
Secondly,  the  same  specimen,  after  having  been  under  a  constant  force 
M=  —3000  gi*ams  duiing  4027  minutes,  was  applied,  also,  with  a  force 
inci*easing  by  JJ/=300  grams  step  by  step.  The  modulus  in  each 
step  is  given  in  the  annexed  table,  and  also  it  is  grapliicaiUy  shown 
in  Fig.  71,  PI.  XIII. 

TABLE    X. 


Second  force:  M.  in  gramR. 


SCO 


600 


9C0 


1200 


1500 


1800 


2100 


2400 


2700 


3000 


r.ff.8.  \ 


From  neutral  state: 
F„=0. 

From  RtraiDed  stntc: 


1.104 
2.962 


1.168 


0.81( 
1.577 


0.727 
1.38(' 


0.664 
0.987 


0.578 
0.874 


0.601 
0.706 


0.565 
0.702 


0.517 
0.601 


0.540 
0.555 


Tis  example    will    fully    erpi-ess    how  the    modulus    of   elasticity    in  a 
stmined  state  is  gi-eater  tlian  that  in  its  neutml  state. 


13.    The  Velocities  of  Propagation  of  Seismic  Waves. 

In  the  author's  publications  above  cited  it  was  experimentally  as 
well  as  theoretically  explained  that,  in  the  case  of  distorsional  waves, 
the  vehxjity  of  pi-opjigation  is  a  fmiction  of  the  amplitude  of  the  wave 
as  thei-e  exist  more  (jr  less  yielding  in  the  ixxiks  tlirough  which  the 
waves  pi-opagate,  and  also  tliat,  in  view  of  this  inference,  we  do  not 
see  the  necessity  t(^  assume  the  path  of  the  ti'emors  to  be  different 
fi-om  that  of  the  principal  shocks.  The  present  experiment  i-elating 
to  other  nuxJulus  of  elasticity,  i.e.  Young's  modulus,  gives,  it  seems  to 
me,  more  strong  foundation  to  support  the  above  view. 

In  so  far  as  the  above-mentioned  exi)eriments  can  bo  confidentially 
i-elied  uix)n,  the  following  inference  may  safely  be  di-awn  Ivoiu  them, 
pi-ovided  we  ngree  that  the  velocity  of  wave  varies  jvs  the  square  root 
of  the  elsw;ilic  constjint  of  the  iiu»diiuii  tlm^igh  which  the  wave  pro- 
])jigat(js. 
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In  §  10,  it  was  U(»ted  that  the  elastic  constaut  varies  during  one 
cycle  of  beudlug  aud  that  all  values  at  difl'ei-eut  ])liases  of  the  cycle 
equally  play  their  paHs  in  causing  the  motion,  i.e.  the  apparent  value 
of  the  elastic  constant  during  one  complete  vibration  must  be  the 
mean  value  of  all  the  values  at  different  phases.  Now  the  elastic 
c^nistant  which  determines  the  velocity  of  wave  is,  as  a  matter  of 
coui-se,  not  its  value  at  any  jwii-ticuhir  phase,  but  its  mean  value 
taken  for  one  complete  cycle. 

Assuming  !/  =  OQ+aiJC  +  a.r-\- 

In  usmil  case,  what  is  given  as  the  value  of  the  ehistic  constant  is 

whei-e  X,  is  a  cei-tain  small  quantity  paiiicuhir  to  the  mode  of  exix^ii- 
ment. 

In  Table  VllI,  the  value  of  a^f  is  given  as  the  value  of  the 
mcxluliLS  of  elasticity  >  accoixlingly  the  value  of  velocity  thei*e  given  is 
calculated  l)v  the  formula 


V    r 


It  will  Ix)  noted  tliat  these  values,  Jis  a  matter  of  coui-se,  are  generally 
similler  than  those  given  In-  Professjr   H.    Nagaoka    in    his    valmible 


repoi-t:^     K=    /  — 


In  the  actual  ciuse,  what  determines  the  velocity,  is  neither  v  nor 
V,  but,  with  all  probability,  it  should  be  given  by 


« 


V    r 


\ 


Since  the  mean  ehisticity  (g  is  i*emarkably  gieater  than  the  values  a,, 
or  E,  the  Jictiud  velocity  of  pmptigation  JJ  must  le  somewliat  gieater 
tlmn  those  v  or    K  given  in  the  tables.     For  instance,  in  the   case    of 


*  H.  Nogaokii.     Elnstic  CoDHtiiDt  ot  Kucks  and  the  Velocity  ot  the    Seismic   Wuvch. 
This  PublicaUon  No.  1.  VJW. 
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:i  piece  of  Siiudstoue,  the  result  of  experiment  sliowed  tliat  tlie  luciiii 
Viilue  ®  is  3.67  times  gieater  tluiu  the  coiistaut  term  a,.  Wlieuce,  we 
must  have 

^  =  1/31)7=  1.0-2, 

V 

tliat  is  to  say,  the  actual  velocity  would  be  probably  twice  the  value 
given  iu    the  table.      lu  geueml,    ihc  actual    velocity    would    be 

/l  V'__^/(Y,J      times  greater  than  tliat  given  in  the  table. 

V    l^^n+l      ) 


14.    Diminution  of  the  Velocity  due  to 
Increase  of  Amplitude. 

The  velocity  must  necessiirily  diminish  with  increase  of  the  am- 
plitude of  the  wave,  since  the  elastic  constant  diminishes  in  tliat  case 
as  fully  explained  in  the  eleventh  section.  Fi'om  the  instance  given 
in  that  page  we  have  a  good  example  to  show  how  the  velocity  changes 
with  the  amplitude. 

TABLE    XI. 

^  \ 

Kailio  of  AmpliludcB.  1         ;         '2  1  (\  H  10 


Ktttio  of  Velccities.  2.08 


1.75  1.4S  IM 


I.IH 


1.00 


This  relation  between  the  amplitude  and  th(^  velocity  is  moi-e  clearly 
shown  in  Fig.  72,  PI.  V.  The  velocity  inci"ea.ses  twice  or  moi-o  while 
the  amplitude  diminishes  from  SR  =  3000  to  J!R  =  3U0  giams. 

Examining  the  coui-se  of  the  cuiTe,  we  may  safely  conclude  that 
any  further  diminution  of  the  amplitude  will  give  very  rapid  increase 
of  the  velocity. 

15.    Increase  of  the  Velocity  due  to  the 
Strained  State  of  Stratum. 

An  the  ehistic  constant    is  comparatively    greiiter  in    the    strained 
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tliau  iu  the  ueuti-ul  state,  the  velocity  must,  as  a  matter  of  course,  be 
coii-espoudingly  gi-eater  iu  the  former  sbite  tliau  in  the  hitter.  In  the 
example  shown  in  Table  X,  the  ratio  of  the  values  of  elastic  constant 
for  the  tii'st  step  of  liexui-e  is  2.962  :  1.104  so  that  the  mtio  of  tJie 
velocities  will  be  1.72  : 1.05  or  1.64.  In  other  words,  tlie  vehxrity 
in  that  strained  state  mast  be  1.64  times  gi*eater  than  that  in  the 
neutral  state.  This  is,  of  com-se,  notliing  but  an  example ;  general 
relation  between  them,  however,  would  not  much  deviate  in  its  quality. 


16.    Diminution  of  the  Velocity  due  to 
Increase  of  Temperature. 

Though  the  variation  of  the  elastic  constant  due  to  temi^erature- 
rise  is  comparatively  small,  it  can  never  be  neglected  in  so  far  as  the 
velocity  of  seismic  waves  is  concerned,  since  the  underground  tem- 
peratui-e  rapidly  rises  with  the  inci'ease  of  depth.  Accoixling  to  Pix>- 
fessor  A.  Tanakadate,-  the  und3rgix)imd  tempei-ature  increases  at  a 
rate  gi-eater  than  25°C  per  kilometre  of  depth. 

The  change  of  the  elastic  constant,  on  the  other  hand,  is  Ca.  0.5 
%  13er  degiee  of  temperature-change  for  the  case  of  siindstone.  That 
is  to  sa}',  the  elastic  constant  diminishes  by '12.5  %  per  kilometre  of 
depth,  provided  all  other  conditions  remain  the  sjiuie.  Then  the 
velocity  would  pi"opoi-tionally  diminish  as  the  depth  gradually  in- 
creases, so  that  the  influence  of  tl  e  undergiound  temi^eraiure  on  the 
velocity  of  propagation  would  be  too  gi-eat  to  l>e  neglected. 

Here  a  remark  may  be  added  on  the  existence  of  a  stratum  of 
maximum  velocity  of  propagation,  pix)ix)sed  b}'  Pi"ofessor  H.  Nagjioka. 
That  the  modulus  of  elasticity  increases  in  a  gi-eater  rate  from 
cainozoic  to  archa)an  nxjks  than  the  density  does,  is  smely  an  es- 
tablished fact.  When  the  effect  of  temj^erature  is  taken  into  acount, 
however,  the  depth  of  a  stratum  where  such  old  rocks  abouudant  can 

*  A.  Tanakiulute.     Tlie  TuIj.  ol  thu  I.L.C.  in  Japuuemi  Luiigingt;.  No.  i5.  11)03. 
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110 vor  be  pnt  out  of  consideratiou,  since  the  increaso  of  depth  tends 
to  increase  the  density  but  to  diminish  the  ehistic  constants  for  one 
and  the  same  kind  of  rock,  if  the  elastic  constant  of  rocks  with 
earth's  crust  l)ehave  in  the  same  manner  as  sandstone  as  i*egard  tem- 
perature. According  to  geologists,*  the  thickness  of  each  of  quatery, 
tertiary  and  mesozoic  rocks  is  some  three  or  four  kilometres,  wliile 
that  of  palaeozoic  attains  twenty  five  or  more  kilometres  in  some 
regions.  The  summation  of  the  thickness  of  the  sti-ata  of  diflfei-ent 
ages,  of  coui-se,  includes  onl}'  the  pai-t  which  was  i-evealed  to  the  earth's 
surface  by  some  geological  disturbances.  Whence  it  follows  that  to 
attain  the  main  stratum  of  palaeozoic  rocks  we  must  go  deep  in,  at 
least,  some  ten  kilometres,  and  for  a  stratum  of  archaean  i*ocks,  at 
least,  thirty  kilometres.  The  undergi*ound  temperature,  however,  at 
such  a  great  depth  must  l>e  tolerably  high,  and  the  consequence  of  it 
would  pi-obably  in  a  gi*eat  diminution  of  the  elastic  constants,  so  that 
the  depth  of  the  stratum  of  maximum  velocity,  if  it  exist  at  any  rate, 
would  be  greatly  shortened.  Ihe  author  would  not,  however,  insist  in 
this  opinion  till  more  accurate  observations  on  the  change  of  the 
elastic  constants  due  to  temperatui-e-rise,  which  are  in  course  of  prf- 
paration,  will  fulh'  elucidate  the  relation  between  the  elastic  constants 
and  the  teniperatui-e. 

17.    Note  on  the  Existence  of  Paths  of  Maximum 
Velocity  and  Seismic  Shadow. 

Notwithstanding  the  doubt  about  existence  of  a  stratum  of  maxi- 
mum velocity,  tliei*e  may  exist,  with  all  probability,  several  jxiths  of 
maximum  velocity  of  propagation  witliin  the  eaiiirs  crust.  As  geology 
teaches  us,  within  the  eni-tli's  cnist  there  are  scattered  everywhei'e 
veins  and  dikes  of  different  kinds  of  oLl  rocks,  uplifted  by  geological 
disturbances,  some  of  which  nin  over  many  hundreds  or  thousiinds  of 
kilometres. 

*  EDcyclopsodiA  Britannicft :  Geology. 
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111  this  cjise,  it  is  tnio,  the  velocit}'  alonja:  sucli  a  vein  or  the  like 
is  gieater  than  tliat  thrrmgh  any  of  the  sunT)unding  strata,  so  that  tlie 
seismic  waves  mainly  pmpagate  through  tliat  i-egiou. 

As  a  consequence  of  tlie  alxne  result,  if  an  observing  stntion  lie 
situated  on  such  a  vein,  not  only  the  numl)er  of  earthquakes  abserved 
at  the  station  is  gi'eater  than  that  observed  at  any  of  the  stati<^ns  in 
the  neighbourhood,  but  ihe  direction  of  motion  would  not  necessarily 
indicate  the  ]X)sition  of  the  seismic  centre.  Tt  is  of  daily  experience 
that  observers  in  some  districts  always  feel  any  earthquakeshock  to 
come  from  one  paiiicular  dii^ection  even  when  the  seismic  centre  is  in 
entirely  different  direction,  provided  the  cr^nti-e  is  not  too  near  the 
observei's. 

As  other  consequence,  there  may  exist  msmic  shadow ;  or,  in 
other  words,  seismic  waves  may  he  shielded  by  a  vein  or  dike  of  old 
rocks.  As  the  elastic  constants  is  neither  negligibly  small  nor  infinitely 
great  for  any  iT)ck,  ihe  shielding,  of  coui*se,  is  not  perfect.  Strong 
earthqimkes,  however,  may  be  reduced  to  weak  ones  and  weak  shocks 
to  insensible  tremoi's.  After  all,  earthquakes  originating  in  one  region 
may  always  lie  well  observed  in  the  station  while  those  originating  in 
the  other  I'egion  may  fail  to  be  observed  in  the  station. 

In  Professor  F.  Omori's  pa]ier*  we  find  the  most  interesting 
example  to  suppoi-t  the  above  consideration.  Of  the  earthquakes  which 
happened  between  Sept.  1887  and  July  1889  in  Central  Japan,  those 
whose  origins  were  sihiated  within  certain  boundaries  wei'e  always  not 
felt  in  Tokyo,  though  the  weaker  earihquakes  of  more  distant  origins 
were  easily  felt. 

18.    A  Hint  to  the  Frequency  of  After-shocks. 

Even  at  the  present  day,  after  all  that  has  been  written  on  eai-th- 
quakes,  but  liitle  is  really  known  as  to  the  frequency  of  after-shocks. 
An  empirical  formula, 

*  F.  Omori.    ThiR  Publication.  No.  11.  VM)2. 
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F=.  ' 


in  whieli  /»•  and  //  are  constants,  was  pmposod  by  Pi'ofessor  F.  Omori  * 
alx>ut  ten  yeara  ago.  How  his  hyperbolic  fornnila  gives  satisfactoiT 
i-esnlts  is  sufficiently  shown  l)y  him  in  the  valuable  paper  **On  the 
nfier-shocks  of  Eai'thquakes,"  in  which  the  formula  is  applied  to  the 
thi*ee  recent  gi-eat  earthqiuikes  in  Japan ;  namely,  those  of  Kumamoto 
in  1889,  of  Mino-Owari  in  1891,  and  of  Kagoshima  in  1893.  Lately, 
other  formula,  in  a  form  ot  logarithmic  function  was  obtained  b\' 
O.  Enya,t  founded  on  three  assumptions.  A  result  of  labourious 
calculation  is  given  by  him  to  show  that  the  logarithmic  formula  is 
better  than  the  hyperbolic. 

To  get  any  reliable  formula  for  the  f requeue}'  of  after-shocks,  the 
first  step  for  it  is  to  know  what  is  the  cause  of  after-shocks.  Pit>- 
bably  sevei'al  distinct  causes  should  be  recognized,  for  it  is  hardly  to 
l)e  supiK)sed  tliat  all  subterranean  disturbances,  differing  as  they  do 
so  widely  in  intensity  and  in  duration,  should  be  referable  to  one 
common  mechanism.  Each  succeeding  geological  disturbance,  the 
fracturing,  dislocation,  caving-in  of  ill-suppoi-ted  regions,  and  also 
establishment  of  lines  of  freedom  for  the  exhibition  of  volcanic  activity 
which  would  accompany  these  changes,  would  promote  the  aftershocks. 

According  to  the  intrinsic  meaning  of  the  n«ame  **  After-shock,'' 
however,  the  nearest  cause  must  be  due  to  residual  disturbance  in  the 
geotechtcmic  condition  after  the  primitive-shock  has  recovered.  An 
eai-thquake  not  recieving  any  participation  of  this  i-esidunl  is  no  after- 
shock, but  an  independent  earthquake.  Standing  on  this  principle, 
with  an  Jissumption  tliat  the  frequency  of  after-shocks  in  a  given  in- 
stant is  pix)portional  to  the  rate  with  which  the  earthciiLst  recovei-s 
fi'om  the  residual  distiu'bance,  one  more  general  formula  for  the  fre- 
quency may  l)e  easily  obtained.  The  above  assumption  is,  to  say  in 
other   words,    that    if   the    earthcmst    were    perfectly    elastic,  the  fre- 

•  F.  Omori.    The  Jour,  of  the  coll.  of  Science    Vol.  VII.  Tokyo. 

t  O.  Euya.    The  Pnb.  of  the  E.I.C.  in  Jnpnneses  Lnngnnge.  No.  35.  11M)1. 
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quency  of  earthquakes  would  be  propoi'tional  to  the  rate  with  whicli 
the  disturbance  of  the  eaiihcrust  would  be  pix)duced. 

From  what  has  been  explained  in  the  sixtli  section  we  know,  at^ 
a  matter  of  fact,  that  a  piece  of  rock  yields  under  a  constant  action 
of  force,  and  also  that  the  residual  strain  surviving  the  force  di- 
minishes from  instant  to  instant,  i.e.  the  I'ock  recovers  from  its  over- 
strain. This  last  phenomenon  must  be  the  essential  cause  of  the 
after-shocks.  Thus,  the  first  step  is  to  find  any  formula  expressing  the 
rate  of  recovery,  or  the  rate  with  which  the  i-esidual  varies  with  time. 
One  form  of  such  a  formula,  however,  was  lately  deduced  from  the 
logarithmic  law^  of  yielding,  as  it  was  given  in  the  author's  paper 
alx)ve  cited.     The  formula  is 

o=Mog      n^P+i)  U\P+t^i)Y        (I) 

where  ft  is  the  total  amount  of  recovery  at  the  instant  t,  both  p  and  t 
being  reckoned  fi*om  the  instant  when  the  external  force  is  wholly 
withdrawn,  while  Jc  and  p  are  constants,  o{  wliic-h  the  former  specifys 
the  ix)ck  and  the  latter  s^iecifies  the  time-lapse  requii-ed  by  the  force 
to  attain  its  maximum. 

Let  F  be  the  frequency,  then  the  above  assumption  Ls 

Foo± 
At 

i.e.  if  c  is  a  constant,  we  have 

F=C-'- 
Jt 

=oi-iog-J£±A±lL. 


=cJc\oa\l  + ^-^ 1  ..(II) 


Tlius  we  liave  a  logarithmic  form  for  the  frequeucj-  of  afler-shocka. 
One  curve  of  frequeuey  for  some  particnlnr  vahies  of  c,  k  and  p  is 
drawn    in  Fig.  73,  PI.  XIV.     A   little  consideration  on  the  nature  of 
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tlio  coustaut  p  will  make  it  reasonable  to  neglect  the  term  —  so  long 
as  Ms  not  very  large.     Then  we  liave,  to  the  first  approximation, 


fVl'logl 


'+^1 <™ 


which  is  the  same  with  tliat  of  Enya.  Again,  expanding  the  loga- 
rithmic fiuiction  and  taking  iis  firat  term  only,  we  have  Professor 
Omori's  formula 

h" 
F=J^ (IV) 

Though  the  resulting  formula  for  the  frequency  ai-e  tolerably 
well  foimd  in  so  far  as  they  were  tested  by  Professor  Omori  and 
Mr.  Enya,  the  original  formuhi  (I)  for  the  recovery  is  not  wholly  out 
of  question.  The  assumptions  under  which  the  formula  (I)  is  deduced 
are  very  far  fi*om  being  the  case  in  an  earthquake.  The  force  acting 
on  i-ock  is  assumed  to  increase  intermittently,  and,  to  be  woi'se,  it  is 
assumed  to  be  withdrawn  not  suddenly  but  slowly  and  intermittently. 
The  following  may  be  more  close  to  the  actual  case. 

Whatever  may  be  the  real  cause  of  an  earthquake,  it  is  reasonable 
to  consider  the  force  as  increasing  constantly  with  time,  i.e. 

df=kM 

where  ^'  is  a  constant,  and  attaining  a  sufficient  amoimt  F  to  cause 
an  earthquake  at  time  2\  so  that  we  have 

F=k  T. 

Suppose  the  logarithmic  law  of  yielding,  which  was  empirically  estab- 
lished in  the  last  series  of  ex]^)eriments,  to  be  granted,  so  that 

drj= K  df  log  (I  ^-z\ 

where  7^  is  the  amount  of  yielding  and  K  a  constant  si)ecifying  the 
kind  of  rock  while  r  is  a  constant  refer ing  to  the  choice  of  origin  of 
time  /.     Then  we  have 

T^Kk\'\oe:[t^z]dt 


triogi/i 
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c 
If  the  total  force  F  is  suddenly   w  itlidrawu    at    the    instant    t  =■.  T,    it 
may  be  easily  pixjved  tjiat  the  residual  strain  at  any  instant  t-  T-\-t' 
is  given  by 

Now,  as  the  frequency  is  assumed  to  be  piX)poi-tional  to  the   rate 
of  recovery,  we  have 

dl 
c.l-.K.T        ,  ,,,_    (,  ,     7 


'      t  4-  r      ' 


-ca'.7iiogjn--ZLl 


where  t,cJc,K  and  7'  are  all  constants,  and  t  is  written  for  i^  whos(*- 
origin  may  be  any  instant,  pr(*vided  proper  value  is  given  to  the 
constant  r. 

Here  the  frequency  F  may  be  considered  to  be  composed  of  two 
terms  Fi  which  is  hy|)erbolic  and  F^  which  is  logarithmic,  so  tliat  h 
being  a  constant 


^>4H'+7f.t- 


As  the  constant  7'  is,  w4th  all  probability,  very  great  compared  to 
other  constants  cjc  and  K,  the  main  term  is  the  fii-st  one,  so  that  the 
ciuve  of  frequency  i^  is  a  little  diffei*ent  from  a  hyperbola. 

When  h  is  given,  the  cuive  of  i^,  takes  a  definite  form,  but  the 
cuiTe  of  Fo  is  wholly  indefinite  in  so  far  as  T,  i  e.  the  time  requii-ed 
by  the  force  to  attain  its  gi-eatest  amount,  is  not  given.  That  is  to 
say,  if  the  time  dui'ing  which  the  causal  agent  of  the  eaiiliquake 
existed  is  long,  the  cui've  of  fi-equency  approaches  the  hyperbola  re- 
presented l>y  Fi,  but  it  deviates  more  and  more  from  the  bitter  ciuve 
a«  the  dui-ation  T  becomes  shoiier  and  shorter.  Since  F..  generally 
inci"eases  {is  T  decreiises,  the  number  of  after-shocks  of  an  eaiiliquake 
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of  rapid  genemtiou  is  uecessarily  smaller  than  tliat  of  other  earthquake 
of  gentle  geuei*atioii,  in  so  far  as  the  other  conditions  requii-ed  to 
cjuise  the  eai-thquakes  remain  constant.  Numerical  example  given 
below  will  Bho\V  it  more  clearly. 
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The  curves  of  F^  and  F  ai-e  drawn  m  Fig.  74,  PL  XIV.  In  this  ex- 
ample, suppose  the  unit  of  time  to  be  one  month,  then  the  number 
of  after-shocks  during  the  first,  second,  thiixl,  etc.  one  month  would 
be  either  461,  298,  217,  etc.  or  494,  327,  244,  etc.  respectively,  ac- 
cording as  the  time  required  by  tlie  force  to  attain  its  gi-eatest  amount 
was  a  Inmdied  or  a  thousand  mouths. 
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19.    Curves  of  Iso-frequency  of  After-shocks. 

Tlie  discussion  iu  the  last  section  relevs  to  the  fi*eqiiency  of  after- 
shocks in  the  very  centre  of  disturbance,  i.e.  the  seismic  focus  of  the 
primitive  earthquake.  It  must  be  lx)rne  in  mind,  however,  that  such 
a  centre,  so  far  fi-om  being  anything  like  a  mathematical  point,  is  in 
natui-e  a  subterranean  i-egion,  which  in  many  cases,  is  undoubtedly 
of  very  large  dimensions.  Whatever  may  be  the  i*eal  origin  of  the 
after-shocks,  it  is  reasonable  to  i-egard  them  as  pmceetling  fram  the 
seismic  focus.  If  tJie  earth  were  a  homogeneous  solid,  perfectly  iso- 
ti'opic,  the  cui'ves  of  iso-fi'equency  would  take  the  form  of  a  series  of 
closed  curves  ai-ound  the  seismic  focus.  As  a  matter  of  fact,  however, 
the  eai-thcnist  is  made  up  of  ix)cks  varying  gi-eatly  in  physical 
properties,  each  having  its  own  density  and  elasticity.  To  make  the 
variation  more  discontinuous,  rocks  of  all  geological  ages  Jii-e  mingled 
together,  as  it  were,  by  a  series  of  geological  distui'bances,  and  tliey 
ai-e  scattered  about  through  the  earth  cnist. 

As  to  the  i-elation  between  the  frequency  y  at  any  place,  distant 
li  from  the  seismic  focus,  and  the  mean  radius  /•  of  tlie  curve  of  iso- 
frequency,  which  is  assumed  to  be  a  circle,  corresix)nding  to  that  place, 
PiX)fessor  F.  Omori  proposed  an  empirical  formula 

where  both  a  and  h  are  constants.  Hei*e  a  hint  is  given  to  show  how 
the  existence  of  hysteresis  plays  a  gi-eat  part  in  the  fi-ecjuency  of  after- 
shocks, i.e.  7'~jB  increases  very  rapidly  as  there  exist  different  araounis 
of  Jiysteresis  in  the  stmtum  of  ix)cks  forming  the  path  of  the  seismic 
wave. 

From  the  figui-es  in  Pis.  VII  and  VIII,  it  will  be  easily  seen 
that,  as  a  general  lode,  the  amount  of  hysteresis  decreases  with  an 
increases  of  the  modulus  of  elasticity.  Though  nothing  can  be  said 
about  any  numerical  relation  l)etween  hysteresis  and  elasticity,  but  in 
the  rocks  so  far  examined,  certain  relation  l)etween  these  two  physical 
constants  seems  to  exist.      Thus  it  would  not    be  a  wild  conjectui-e  to 
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say  tliat  the  amount  of  hysteresis  gradually  diminishes  from  cainozoic, 
e.g.  sandstone  and  rhyolite,  to  archaean  ixxiks,  e.g.  peridotite  and 
quartzschist,  in  a  definite,  though  not  yet  known,  ratio. 

It  is  a  matter  of  couree  that  a  seismic  wave  propn  gating  tlux)ugh 
a  medium  of  greater  hysteresis  fades  more  rapidly  than  that  propagat- 
ing tlut)ugh  other  medium  of  less  hysteresis.  The  consequence  is  that, 
provided  the  frequency  of  after-shocks  at  the  seismic  focus  is  given, 
the  frequency  at  any  place  Jiaving  a  given  distance  from  the  seismic 
focus  increases  with  the  geological  age  of  rocks  fonning  the  path  of 
wave  between  the  focus  and  the  place.  That  is  to  say,  the  distance 
lietween  two  suceessivo  lines  of  iso-frequency  is  greatest  where  archaean 
rocks  lie  and  l>ecomes  less  and  less  through  palaeozoic  and  mesozoic 
rocks  to  reach  its  least  value  at  the  region  where  cainozoic  rocks 
extend. 

Now  examining  tlie  curves  of  iso-frequency  in  the  great  Japanese 
earthquakes  carefully  di-awn  by  Pix>fessor  F.  Omori  in  his  paper  alx)ve 
cited  ns  well  as  many  others,  it  Ls  clearly  seen  that  the  irregularitis 
of  the  curs-es  conforms  with  that  of  the  geological  distribution  of  rocks 
in  those  regions.  For  example,  in  the  case  of  Mino-Owari  earthquake, 
in  which  the  total  number  of  after-shocks  during  one  year,  1892, 
amoimted  to  more  tlian  eight  hundreds,  four  cunes  of  iso-frequency  are 
shown,  with  corresponding  geolf^ical  disti-ibution  of  iT)cks,  in  Fig.  75, 
PI.  XrV\  Tlie  iso-fi-equency  cur^e  of  F=IjOO  lies  wholly  within  quatery 
iY)cks  and  is  in  an  elongated  form  extending  noarv  noi-th  and  south 
between  Gifu  and  Nagoya.  The  central  i-egion  of  the  after-shocks  may 
be  in  a  similar  form.  The  succeeding  curves  of  iso-frequency,  howevo)*, 
so  far  from  being  similar  to  the  fii-st,  are  in  quadrant al  fonns.  In 
the  western  pai-t,  indeed,  where  the  curves  lie  within  quaterly  rocks, 
tliey  are  all  parallel  to  each  other ;  but  in  other  tlut^e  directions  they 
slu*iuk  in  or  swell  out  with  all  possible  irregularities.  Tliese  in^gu- 
birities,  however,  turn  to  a  regularity  when  the  geological  distribution 
of  rocks  in  the  con-esponding  regions  is  taken  into  account.  To  ex])ress 
in  a  simple  terseness,  it  swells  out    tchere   palaeozoic   or  letter  archaean 


y 


h^ 
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rockfi  jyt^edommate  and  shrinkfi  in  where  cainozoir  vockfi  extend.  This 
simple  law  is  sufficiently  satisfied  up  to  very  minute  poi'tions,  as  the 
figure  proves  it  most  clearly. 

An  inference  to  be  diawn  fi*om  the  above  is  that  the  conductivity 
of  seismic  wave,  if  we  ai-o  allowed  to  emploj-  such  a  term  irom  some 
analogies  in  heat  and  electricity,  is  least  for  cainozoic  rocks  and* 
increasing  step  by  step  irom  mesozoic  to  palaeozoic,  it  becomes  many 
times  greater  for  archaean  ix)cks.  As  a  corollary,  since  the  geological 
map  indicates  only  surface  distribution  of  rocks,  we  may  conclude  that 
the  seismic  wave  mainly  transmits  through  the  earth's  surface,  or  quite 
probably,  seismic  action  is  mainly  due  to  surface  waves  discussed  by 
^1  liOixl  Kayljl^gh,  and  recently  propounded  by  Ijamb  for  isoti*opic  medium. 
Any  furtlier  discussion,  however,  as  to  the  seismic  wave-conductivity 
of  several  rocks  requires  moi'e  precise  quantitative  investigation  of  the 
amoimt  of  hysteresis  for  these  rocks. 

20.    Conclusions. 

In  so  far  as  the  present  experiments  extend,  we  liave  the  following 
conclusions. 

1.  In  most  rocks,  Hooke's  law  does  not  hold  even  for  sti-ess 
equivalent  to  a  few  percentages  of  their  breaking  forces. 

2.  Any  rock  yields  slowly  but  progressively  under  a  constant 
force,  though  the  rate  of  yielding  diminishes  with  the  inci-ease  of 
duration.  It  recovei's  fi^om  the  yielding  when  it  is  released  from  the 
forc>e ;  but  it  seems  to  require  an  infinite  time  to  return  to  its  initial 
state  by  itself. 

.3.  If  the  mc:duhis  of  elasticiiy  "s  proportional  to  the  ratio  of 
the  change  of  force  to  the  change  of  flexure  produced  by  that  force- 
variation,  it  is  wholly  indeterminate,  in  so  far  as  its  previous  history 
as  well  as  its  present  condition  is  not  completely  known. 

4.  When  a  piece  of  rock  is  bent  fui'ther  and  further,  the  modulus 
of  ebisticity  fii-stly  diminishes  and  then,  passing  threugh  its  minimum 
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valuo,  increasos  again  to  a  eortaiu  amount  till  tho  pioco  is  In-oken. 
Tlio  niodnliis  of  elasticity  in  a  virgin  piece  srenis,  as  a  matter  of 
course,  to  be  much  gi-eater  tlmn  that  usually  obtained  by  assuming 
Hooke  s  law. 

5.     When  a  i^ioce  of  rock  is  bent   right    and    left    cyclically,  the 
niixluliLs  of  elasticity  varies  not  only  from  point  to  point    in    a  cycle, 
but  also  from  cycle  to  cycle,  provided  tho  ampritudo  of  the  cycle  does   /[ 
not  remain  constant. 

0.  The  mean  nuxluhis  of  elasticity  taken  for  one  complete  cycle 
is  much  greater  than  the  modulus  of  elasticity  estimated  in  the  usual 
manner. 

7.  The  modulus  of  elasticity  diminishes  when  the  amplitude  of 
the  cycle  increases,  and  the  variation  is  more  rapid  for  smaller  am- 
plitude tlmn  for  larger  cme.  This  last  fact  is  in  contradiction  to  the 
:is.sum\)tion  that  for  small  amplitude  the  moduliLs  of  elasticity  may  be 
considered  ns  a  constant. 

8.  The  modulus  of  elasticity  of  a  piece  of  rock  increases  when 
th(»  piece  is  already  in  a  strained  state. 

U.  lie  moilulus  of  elasticity  generally  increases  fi'om  cainozoic 
to  archnnau  rocks.  The  amount  of  hysteresis,  on  the  ccmtrarj'  decreases 
from  the  new  rocks  to  the  old  ones. 

The  inferences  to  be  dmwn  frcmi  the  al>ove  i-esults,  in  so  far  as 
sf*ismology  is  concerned,  ai-o  as  follows  ; — 

1.  The    velocity    of    ])i'opagation    of    seismic    wave    is    least    for 
7/       quakery    rocks    and,     increasing    with    age,    it    l>ecomes    greatest    for 

arclwean  rocks. 

2.  The  vel(HMty,  as  it  is  a  function  of  the  mean  uKxlulus  of 
elasticity-  taken  for  one  com]>let(^  vibration,  nnist  be  much  givater 
than  that  estimated  in  the  usual  manner. 

\,  The  velcHMty  must  diminish  when  the  amplitude  of  seismic 
wav«»  increases :  the  rate  of  diminution  is  gi*eater  when  the  amplitude 
is  smaller  than  in  the  other  case. 

4.     Along  s(mie  veins  or  dikes  o(  old  irjcks  nmning  through    the 
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eartli's  cnist,  the  velocity  of  piY)pagatioii  is  maximum.  Coiiiiequeiitly, 
the  intensity  as  well  as  the  direction  of  seismic  motion  may  be  very 
different  for  two  neighbouring  stations.  Further  consequence  results 
on  seismic  sliadow ;  i.e.  seismic  wave  may  be  shielded  by  a  vein  of 
old  rocks. 

5.  Seismic  wave-conductivity  of  rocks  is  least  for  cainozoic  rocks 
and,  increasing  from  mesozoic  to  palaeozoic  rocks,  it  becomes  many 
times  greater  for  an  archsean  ixxsks.  Consequent!}-,  the  cuiTas  of  iso- 
frequency  of  after-shocks  swells  out  or  shrinks  in  very  rapidly  ac- 
cording as  the  region  consists  of  arclisean  or  cainozoic  rocks. 

6.  Actual  coinsidence  of  the  cuiTes  of  iso-fi-eqnency  with  the 
geological  distribution  of  rocks  in  the  region,  which  is  tlie  case,  e.g., 
for  Mino-Owari  earthquake  w^here  the  number  of  after-shocks  during 
one  year,  1892,  amounts  to  867  at  its  centml  region,  may  be  explained 
on  the  supposition  that  the  seismic  waves  are  mainly  ti*ansmitted 
along  the  earth's  surface.  It  is  quite  probable  tliat  seismic  action  is 
mainly  due  to  surface  waves  discussed  by  Loi-d  Rayliegli,  and  recently 
propounded  by  Tjamb  for  isoti*opic  medium. 

7.  As  to  the  frequency  of  after-shocks  at  a  centml  region,  the 
fi*equency  F  at  any  time  t  is  given  by 

/^=i:MiZl-c.A.A'iog|i-f. 


where  T,c,kjK  and   T  are  constants  of  diffei-ent  kinds :  i.e. 

r       reieYH  to  the  choice  of  the  origin  of  time  t, 

c  determines  the  amount  of  strain  i-equirod  to  produce  one  after- 
shock, 

/,•  is  the  force  pixxluced  iu  unit  time,  b}'  accumuration  of  which 
the  primitive  earthquake  took  place, 

K  is  a  constant  specifying  the  mto  of  yielding  of  the  ivx^k  in 
the  central  i-egion,. 

T  is  time  rpquired  by  the  acx^umurating  force  to  attain  its 
gi-eatest  amount. 

Consequently,   other  conditions  lieing    equal,    the    frequency    of    after- 
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shocks  is  greater  for  au  eai'thquake  which  is  slowly  generated  thau 
for  rapidly  generated  one.  The  curve  of  frequency  is  nearly  hyper- 
bolic :  its  deviation  irom  hyperbola  is  gi'eater  in  the  latter  case  than 
iu  the  former. 

Remaiiks: — Prelimhiary  experiments  with  sandstone  show  that 
the  modulus  of  elasticity  is  much  aftected  by  the  variation  of  tem- 
perature :  i.e.  ca.  0.5  %  per  degi-ee.  It  does  not,  however,  ne^essiirily 
diminish  with  an  increase  of  temperatmB  when  the  temperatiu^  is 
low:  i.e.  it  is  maximum  at  ca.  9°c. 

If  the  above  faujt  be  ti*ue  for  most  rocks,  the  velocity  of  prapagation 
would  diminish  with  the  inci'ease  of  temperature  of  the  medium. 
Consequently,  any  cause  of  the  temperature-rise  would  also  be  a  cause 
of  the  velocity-diminution.  For  instance,  as  the  underground  tem- 
penitui-e  rises  very  rapidly  with  the  increase  of  depth,  the  velocity 
would  diminish  propjitionally,  provided  all  other  conditions  i-emain 
the  same. 

In  conclusion,  I  wish  to  express  my  great  indebtedness  to  Mr. 
Fukuchi  for  valuable  informations  cjusorning  the  geological  cliaractei*s 
of  the  specimens.  My  best  thanks  ai'e  also  due  to  Professor 
H.  Nagaoka,  imder  whose  most  kind  guidance  I  carried  out  this  ex- 
periment. 
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PI.   I. 


Fig. 


1. 
2. 
3. 
4. 
5. 
6. 
7. 


EXJ^LAXATIOX  OF  I'LATES. 


Sketch  of  the  mcxlilicatioii  oi  Kouig's  arrange meiit. 

Sketch  of  the  first  arrnugement. 

Sketch  of  the  second  arrangement. 

View  of  the  foiu*  images  visible  in  the  field  of  tolescopj. 

Front  view  of  the  flexui-e  appai*atus. 

Side        „      „     „ 

Plan  of  the  same. 


n.  11. 


Fig.  8. 


A  little  iron  framework  by  wliich  the  bending  force 
is  applied  to  the  specimen.  IF,  and  JV.,  are  two 
wedges,  of  wliich  the  former  is  fixed  while  the  latter 
is  movable.  The  si)ecimen  is  tightly  clamped  between 
them  by  the  sci^ew  S,  The  bending  force  is  dne  to  the 
diftei-ence  of  weights  suspended  at  the  exti'emities  of 
the  strings  /S,  and  S.^. 
Fig.  9  10.  Sketches  of  the  fii'st  and  second  arrangements  re- 
spectively. These  show  the  geometrical  relation  1k*- 
tween  the  bending  of  the  specimen  and  the  deviations 
of  the  images  within  the  telescope-field. 

This  shows  the  result  of  preliminary  observation  on 
a  piece  of  micaschist.  The  ordinate  i-epresents  the 
amount  of  deviation  of  the  image  in  fii-st  arrangement, 
while  the  abscissa  i-epresents  the  corresp)nding  eflective 
mass  in  grams  weight. 

This  shows  the  relation  between  the  anunmt  of 
bending  of  the  above  si)ecimen  and  the  coiTesponding 
force  applied  to  the  specimens. 

This  shows  the  amount  of  rotation  of  the  specimen 
as  a  whole  diuiug  one  complete  cycle  of  bending  in 
the  above  experiment. 


Fig.  U. 


12. 


13. 
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PI  m. 

Fig.  14.  These  are  tlie    liysteresis    curves    for    beudiug   of  a 

saudstoue.     The  resisting  miisses  are  diftei'eut  for   the 
foiu-  cuiTes. 
„      15.  These  curves  show  the    variation  of  tlie  motlulus  of 

ehisticity  due  to  vhe  chauge  of  beudiug  foi'ce  during 
one  complete  cycle  in  the  alx)ve  experiments.  In  eacli 
curve,  the  right  and  left  branches  cori-espond  to  the 
ciises  where  the  s\)ecimen  was  l^ent  convex  towaids 
righthaud  or  lefthand  side  i-espectively,  while  the  lower 
branches  cori-espond  to  tlie  inci-easing  stress  and  the 
upper  to  the  decreasing  one.  G^mparing  these  four 
cunes,  we  may  Siifely  conclude  that  the  presence  of 
i-esisting  mass  lias  no  sensible  influence,  or,  if  any, 
it  is  negligibly  small. 

n.  IV. 

Figs.  16  17.  Yielding  of  sandstone  imder  constant  force,  J/= 
3000,  j1/o=3300  grams.  Tliat  is  to  say,  the  amount 
of  l)ending  of  the  specimen  is  \)lottcd  against  the 
time  during  which  the  si^ecimen  was  subjected  to  the 
constant  force. 
„  18  19.  Becovery  I  f mm  the  yielding  of  the  above  speci- 
men, which  was  loaded  with  J/=3000,  J/y=-3300 
giams  during  20363  minutes. 

ri.  V. 

Fig.  20.  Eflfect  of  recovery  from  the  yielding  on  cycles.  A 
piece  of  sandstone,  loaded  with  M=3000,  J/(,=3300 
giams  during  2647  minutes,  was  treated  in  cyclicid 
pixx^ss  as  usual. 
„  21.  Curve  A  represents  the  relation  between  the  amount 
of  bending  and  the  cori-esponding  amount  of  force 
acting  upon  the  specimen,  which  was  initially  in  a 
natiu'al  state.     In  ciUTcs  B  and  C\  the  specimen  was 
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initially  in  a  stniiued  state ;  i.e.  in  curve  J9,  the 
si)ecimeu  was  subjected  to  .l/i=— 1500  grains  during 
1234  minutes,  while  in  curve  C  it  was  subjected  to 
the  same  force  during  1641  minutes.  Comparing  these 
three  curves  with  each  other  we  see  that,  in  the 
neighbourhaxl  of  starting  point,  of  the  tlii-ee  ciuves, 
A  is  moi*e  steep  tlian  C  which  is  moi-e  steep  than  B. 
„  72,  The  oixJinate  i-epi-esents  the  velocity  of  pi*opagation 
of  seismic  waves  thmugh  a  sti'atum  of  sandstone, 
while  the  abscissji  i-epresents  the  amplitude  or  the 
maximum  sti-ess  given  to  the  rock  during  one  com- 
plete vibration. 
PL  VI. 

Figs.  22-25.  Ill  each  figure,  the  upi)er  ciu've  shows  the  varia- 
tion of  temperatui-e  with  time,  while  the  lower  that  of 
bending,  imder  constant  forc<^.. 

Fig.  26-  The  amount  of  bending  is  plotted  against  the  cor- 
responding temix^rature. 

Pis.  yii-ix. 

Fig.  27'M).     Examples  of  tlexural  hysteresis  in  several  nnrks  of 
difFei-ent  kinds. 
PL  X. 

Fig.  51-53-     The  cuiT(is  in  these  figures  show  how  the  hystei-esis 
cui've  varies  when  its  amplitude  is  varied. 
Pis.  XI.  and  XU. 

Figs.  54-65.  In  eiu5h  figure,  tlie  four-  branched  curve  repi-esenls 
the  vai'iation  of  the  modulus  of  elasticity  during  on^ 
completQ  cycle  of  bending.  Refer  to  the  explanation 
of  Fig.  15. 

PL  xir. 

Fig.  68.         This   shows  how   the  four   branched    ciu've  changes 
its  form  with  the  amplitude  of  cycle. 
„      70.         llelation    between  the    modulus  of    elasticity    at  the 
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state  of  no  sti-ess  with  the  maximum  amount  of  sti-oss 
applied  to  the  specimen  during  tlie  cycle. 
PI.  XIII. 

Kg.  66.  Variation  of  the  moduhis  of  eksticity  during  one 
complete  cyclt\  calculated  by  paral>olic  formula  for 
sandstone. 

„  67.  Relation  between  the  amount  of  bending  and  the 
force  during  one  complete  cycle,  calculated  by  the  above 
parabolic  formula.  This  is  to  ]ye  compared  with  tlio 
curves  in  Fig.  14,  PI.  III. 

„  69.  The  ortlinate  I'epi'esents  the  modulus  of  elasticity  and 
the  abscissii  the  i-atio  of  the  actual  force  to  the  maxi- 
mum force  applied  to  the  specimen  during  the  cycle. 
The  maximun  force  is  300  gi*ams  weight  for  the  upper 
most  cuiTe,  and  increasing  step  by  step,  it  is  3000 
gi*ams  weight  for  the  lowest  one. 

„      71.  Both  curves  A  and  Ji  represent  the  variation  of  the 

modulus  of  elasticity  with  the  change  of  the  amount 
of  force.  Curve  A  stai-tj  from  the  natural  state  of  the 
specimen,  while  curve  I)  staris  from  a  state  where  the 
specimen  was  subjected  under  a  force  M=:  —  3000  grams 
during  2652  minutes. 
PI.  XIV. 

Fig.  73.  Curve  of  frerjueiicy  of  after-sh(X*ks  of   an  enrihqunke 

calculated  by  logarithmic  formula. 

„  74.  Curves  of  frequency  of  after-shocks.  Curve  a  ;  cal- 
culated by  hyperl)olic  formula.  CuiTes  h  and  r ;  cal- 
culated by  the  formula  deduced  fmm  the  principle  of 
residual  strain. 

„  75-  Geological  map  of  Mino,  Owari  and  the  neighl>ouring 
districts,  with  the  iso-frequency  curves  of  after-shocks, 
during  1^92,  of  the  Mino-Owari  earihquake  in  28  Oct. 
1891.     The  iso-frequency  curves  are  copied  fi'om  Vw- 
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A  Duplex  Horizontal  Pendulum  Apparatus.' 

By 

F.  Omoriy     RigahisM,  Rigakuhal-mhi, 
Member  of  tlie  Imperial  Knrtliqiiake  TnveHti^ation  Committee. 


^Vith  Plates  I  and  II. 


Tlie  duplex  horizontal  pendulum  apparatus,  which  is  shown  in 
fig.  2,  PI.  I,  is  an  improved  form  of  the  mechanically  registering 
seismograph,  which  I  have  used  for  some  years-^ ;  the  modification 
consisting  in  the  iniivxluction  of  the  principle  of  the  duplex  pendulum 
of  Pi-ofessors  Gray,  Ewing  and  Milne,  llie  essential  part  of  the  instru- 
ment, which  is  shown  in 
tlie  accompanying  figure,  is 
made  up  of  a  heavy  flat 
cylinder  c  (fig.  1)  of  brass 
filled  with  lead,  alx)ut  16  kg 
in  weight,  suspended  fmm 
the  top,  a,  of  a  strong  cast 
iron  stand  of,  which  is  bolted 
at  f  to  the  foundation  stone, 
fe ;  the  stmt  dh  being  pivoted 
at  h.  The  pendulum  r,  which 
is  first  brought  veiy  nearly  to  a  state  of  neutral  equilibrium,  is  to  be 
fuiiher  adjusted  by  means  of  an  invei'ted  pendulum  ge.  The  mechanical 
details  of  the  latter   as  well  as  the   i*ecording  nn'angement  ai-e  shown 

in  n.  n. 

PL  11.     The  auxiliaiy  inveried  pendulum  consists  of   a  light  ahi- 

1)    A   short  prelim ioary  dt  script  !on   of  thin  inHtmment  has   l>een  given   in    Tokyo 
Sngaku-RntHmi  Onkkwai  Kiji  Oniyo,  Vol.  II,  No.  8,  Jan.,  1904. 
•2)     See  the  PnhfirnHnns,  No.  5. 


> 


2  F.   OMORI  : 

miniiira  tulx^  eg,  about  30  era  in  length,  currying  a  ftmall  metallic  disc 
7,  about  0*017  kg  in  weight,  put  very  closely  to  the  heavy  l)ob  c.  The 
upper  end  of  the  tube  eg  is  furnished  with  a  brass  fork,  l)etween  whose 
two  limbs  fits  exactly  a  highly  polished  steel  axis  A,  al>out  2  mm  in 
diameter  and  3  cm  in  length,  pivoted  l^etween  two  small  supports,  ?V, 
attached  to  the  lower  face  of  the  heavy  cylinder  c;  the  axis  h  being 
parallel  to  the  stmt.  Tlie  lower  end  of  the  inhe  eg  is  furnished  with 
two  foot-screws,  ^jj\  which  fit  i^spectively  in  a  conical  stxjket  and  in  a 
V-gi'oove,  moimted  on  a  base  plate  Jc,  The  line  formed  by  joining 
the  apex  of  the  S(x;ket  and  the  vertex  of  the  V-gitx)ve  is  to  be  bmught 
exactly  below  and  parallel  to  the  axis  //,  by  means  of  the  screws  I,  I, 
m,  which  move  the  plate  h  in  two   rectangular  horizontal  dii'ections. 

It  will  thus  be  seen  that  the  inverted  pendulum  eg  cun  ixitate 
only  about  a  line  parallel  to  the  equilibrium  position  of  the  strut,  its 
upper  part  being  joined  to  the  heavy  weight  in  such  a  way  tliat  the 
friction  at  the  point  of  ccmtact  is  reduced  to  a  minimum.  Now,  the 
equilibrium  of  a  horizx^ntal  |)endulum  has  always  a  certain  degree  of 
stability,  which  depends  on  the  angle  f ,  formed  by  the  vertical  and 
the  line  joining  the  point  of  suspension,  o,  with  the  point  of  support,  b ; 
this  angle  l)eing  determined  by  the  well  known  relation 

in  which  T  is  the  period  of  oscillation  of  the  horizontiil  pendulum 
(when  not  joined  to  the  inverted  pendulum),  and  7'„  the  pericxl  when 
the  system  formed  by  the  stmt  hJ  and  the  heavy  bob  r  is  made  to 
swing  as  an  ordinary  vertical  ])enduluni.  If  IV  and  w  denote  i-espec- 
tively  the  weights  of  the  heavy  bob  r  and  the  small  disc  g,  we  have, 
for  making  neutral  the  equilibrium  of  the  horizontal  |iendulum,  the 
following  relation:  — 

J  J 

in  which  L  is  the  length  Iwtween  the  centi-e  of  the  heavy  bob  r  and 
the  point  of  support  i,  and  //  is  the  height  of  the  inverted  jiendulum 
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Cij,      To  take    au  example,  let   /K=15kg,  Z  =  lOOcin,    //=30cm,  and 

ip= ;  we  then  find  <(;~0*02kff. 

^     30x30  ^ 

The  mechanism  at  the  top,  a,  of  the  cast  iron  stand,  the  nmltiplying 

pointer,  and  the  record-receiver  whose   details  will   be  seen  fi-om  figs. 

3  and  4,  PL  I,  and  from  PI.  11,  ai-e  exactly  similar  to  those  in  the  older 

instruments.     With  a  portable  instrument  of  this  description,  in  which 

the  length  be  and  the  height  ah  is  each  ecjual  to  1  metre,  the  complete 

period  of    free    oscillation  of    the  steady  mass    can    be  raised   without 

much  difficulty  to  1  minute,  the  multiplication  of  the  i-ecorduig  i)ointer 

being  20  to  30. 

Tokyo.         June,  11)04. 


PL    I. 


Fig.  :t. 
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A  Horizontal  Tremor  Recorder. 

F,  Omori,     UUjakmhiy  Itujakuliaktmlny 
31i*iiiber  ol'llie  Imperial  Kartluiiiake  liivcsii^calioii  Coiiiiiiitiei*. 


With  Plates  III  and  IV. 

1.  The  Metropolitan  Police  hud  receutly  to  cousider  several  cases 
of  coiuplaiuts  I'espectiiig  the  disturbances  caused  by  steam  eugiues, 
dj'uamos,  et<;.  to  ueighbouiiug  buildings ;  and  the  instrument  which 
I  am  going  to  describe  in  the  following  pages  luis  been  constiiicted 
to  measuix3  the  horizontal  movement  due  to  the  above  mentioned 
causes. 


2.  The  essential  part  of  the  instniment,  which  is  diagi'amatically 
sliown  in  fig.  1,  consists  of  a  vei-tical  brass  cylinder,  a,  16  cm  in  height 
and  10  cm  in  diameter,  tilled  with  lead,  and  about  15  kg  in  weight, 
pivoted  in  a  strong  ii-on  frame  k',  the  latter  being  supported  by  means 
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of  two  screw  points  (/  and  e  iroin  h  stitjiig  bniss  stand,  about  20  cm 
in  height  and  furnished  with  tlu'ee  levelling  screws  exactly  in  the  same 
way  as  in  Prof.  Ewiug's  horizontal  pendulum.  The  distance  between 
the  pendulum  axis  and  the  centime  of  the  heavy  cylinder,  or  the  steady 
point,  is  6  cm ;  while  thei-e  is  attached  to  the  iron  frame  in  way  of 
pix>longation  a  stout  aluminium  rod  //,  whose  length  is  15  cm.  The 
horizontal  motion,  whose  direction  is  normal  to  the  pendulum  plane, 
will  thus  be  magnified  3Jr  times  at  the  end  of  the  aluminium  prolong- 
tion.  Thei*e  is,  however,  an  inde])endeut  multiplying  iK)inter,  consisting 
of  a  vertical  axis,  y,  which  is  pivoted  in  an  iuveiied  bracket  pix^]^)erly 
attached  to  an  upright  suppoii,  and  wliich  cames  a  hori2X)ntal  light 
lever  /uji  The  shorter  arm  of  the  latter  consist  of  a  thin  bniss  piece 
formed  into  a  fork  l>etween  whose  two  limbs  fits  exactly  a  highly 
polished  axis  of  steel,  /i,  pivoted  in  a  small  bracket  attiiched  to  the 
end  of  the  sti-ong  aluminium  prologation  l)efore  mentioned.  The  hmger 
arm  of  the  lever  consists  of  a  tapering  tube  of  aluminium,  120  mm  in 
length,  at  whose  end,  /,  is  hinged  an  index  which  ^vrites  on  a  smoked 
paper  wrapped  ix)uud  a  dium,  ./,  diiven  by  a  clock  work.  In  other 
instruments,  tiie  i*ecord  is  tiiken  in  ink  on  a  white  band  of  jmper  di'iven 
by  meiius  of  i-ollei-s,  as  in  the  vibration  measurers  for  bridges,  luilway 
carriages,  etc.  It  will  be  obseiTcd  tlmt  the  multiplying  armngement 
here  employed  is  perfectly  similar  to"  that  in  the  horizontal  pendulums 
for  the  observation  of  distant  earthquakes.  As  the  minimum  eflGBctive 
length  of  the  shorfer  arm  of  the  multiplying  lever  is  6  mm,  the  writing 
index  recoixls  the  motion  20xoi  =  70  times  magnified;  it  being, 
however,  also  possible  to  reduce  the  magniticiition  ratio  down  to  10, 
by  suitably  changing  the  eflective  distance  of  the  shorter  arm  of  the 
pointer.  The  mechanical  details  and  the  photograph*  of  the  insti-ument 
aie  given  in  figs.  2,  3,  -4  and  5,  PI.  III. 

For  the  complete  observation  of  the  horizontal  motion,  we  retjuire, 

*  The  photograph  represents  an  inRtniment  M-hioh  is  slightly  different  from  tliut 
whose  mechanical  details  arc  given  in  the  Plato,  the  record  being  taken  on  a  smoked 
paper. 
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of  course,  a  pair  of  these  instruments,  with  their  penduhim   planes  at 
riglit  angles  to  one  another. 

The  horizontal  tremor  recorder  has  already  boon  used  in  a  few 
cases,  of  which  the  following  are  examples. 

3.  S/takings  in  the  Hospital  of  the  Tokyo  Imj^rial  University, 
Ilongo.  Towads  the  end  of  1903  and  in  the  1)eginning  of  1904,  the 
Medical  Laboratory'  in  the  Hospital  of  the  Im|ierial  Univei'sity,  Hongo, 
was  subject  from  time  to  time  to  nn/elt  shakings,  which  caased  windows 
to  iiittle  and  bottles  placed  on  tables  to  i-ock.  On  inquiry,  thase 
effects  were  traced  to  l)e  due  to  the  working  of  a  small  oil  engine  of 
10  hoi-se  power,  temporarily  set  up  in  the  Univei-sity  compound ;  the 
(Migine  being  al)Out  87  metres  to  the  NW  of  the  Medical  Laboratory, 
which  is  a  low  wooden  structure.  When  observed  on  Jan.  8th,  1904, 
at  10  am.,  the  movements  of  the  windi^ws  and  bottles  were  executed 
in  a  quite  regular  way  at  the  rate  of  about  4  in  a  second  and  were 
sufficiently  well  pronounced  as  to  constitute  a  source  of  disturbance  to 
the  ]^)eople  sitting  in  the  room.  The  floor  itself,  however,  indicated  no 
spiiftiLle  motion. 

Tlie  movements  on  the  date  above  mentioned,  which  were  measured 
by  a  tremor  recorder  set  up  on  the  floor  of  the  lalx)ratory,  consisted 
of  a  series  of  regular  and  nearly  imiform  vibrations,  whose  double 
amplitude  was,  in  each  of  the  EW  and  NS  components,  about  0*02 
nnn,  and  whose  period  was  0'24  sec,  con*esponding  to  250  revolutions 
per  minute  of  the  engine.  The  absolutely  gi-eatest  movements  in 
the  EW  and  NS  comix)nents  were  I'espectively  0'028  and  0()34  mm. 

.  The  disturbances  due  to  the  same  source  wei*e  simultaneously 
measuied  in  the  brick  Eai-thquake-proof  House,  which  is  situated  at 
a  distance  of  alK)ut  110  metises  to  the  south-west  of  the  oil-engine. 
The  movements  there  measured,  on  the  solid  concrete  basement,  were 
much  smaller  tlian  in  the  Medical  Lalx)ratory,  and  consisted  of  a 
series  of  maximum  gi-oups,  the  absolutely  gi-eatest  double-amplitude 
in  the  NS  direction  being  0*026  mm.     The  pariod  was  0*24  sec. 

ITie  positions  of    the    oil  engine,    the    Medical    Lalx^rator}',    and 
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the  Earthquake-proof  House,  are  indicated    in  the  accompanying  plan 
of  a  part  of  the  Uni  verity  compound. 

Fig.  fi.     Plan  of  a  part  of  the  Tokyo  Imperial 
University  compound. 
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Scale  of  Ken     (1  K«»n  =  about  six  feet) 


4.  3foi'einent  in  the  Seismdoglt^al  IiiatitMe.  On  May  19tli,  1904, 
the  effects  of  the  oil  engine  mentioned  in  the  preceding  §  were  very 
markedly  indicated  in  the  Seismological  Institute,  which  is  a  one-storied 
wooden  building.  Fig.  7  is  a  part  of  the  NS  component  di.'vgram 
obtained  on  the  al)ove  date  by  means  of  a  horizontal  tremor  recorder 
set  up  on  a  solid  brick  column  in  one  of  the  instruments  rooms,  whose 
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Fig.  7.     Vibration  caused  by  au  Oil  Engine. 
NS  component.     Multiplication  =  29. 
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Timp  Srnlp. 

distance  from  the  engine  was  about  70  metres:  the  position*^  (f  the 
Institute  l)eing  shown  in  the  map  (fig.  6).  The  max.  double  amplitude 
was  0*09  mm  and  the  period  was  0'227  sec.,  con-esponding  to  265  revo- 
lutions ])er  minute  ot  the  engine.  The  movements  were  perceptible 
and  sufficiently  intense  to  produce  considerable  amount  of  the  rattling 
of  the  windows. 

5.  MlsceUaneons  experiTneiifs.  (PI.  IV.)  Fig.  8  and  9  are  parts  of 
the  diagi*ams  of  the  longitudinal  motion  of  the  gi"ound  at  the  distances 
i-esi^ctively  of  about  17  and  60  feet  from  a  small  oil  engine  of  the 
workshop  of  the  Physical  Institute.  Again,  figs.  10  and  11  represent 
the  normal  vibrations  I'ospectively  of  the  eastern  and  southern  up-stair 
walls  of  the  workshop  of  the  Mechanical  Institute  of  the  Engineering 
College  due  to  the  working  of  a  small  steam  engine  which  is  situat.ed 
close  to  the  southern  wall. 

Tlie  following  table  giies  the  results  of  the  measurements  made 
in  1903. 
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Fix>m  the  above  table,  it  will  be  seen  that  the  movemeuts  measured 
were  usually  very  small  and  amounted,  at  a  distance  of  a  few  dozen 
metres  from  the  origin  of  disturbance,  to  only  a  few  hundredths  of  a 
mm ;  it  l)eing  exti*emely  vave  tliat  the  double  amplitude  reaches  some 
tenths  of  a  mm.     The  period  varied  between  0*058  and  0*25  sec. 

It  is  to  be  remarked  that  the  motion  of  a  wall  (or  house)  is,  for 
evident  reasons,  generally  much  greater  than  that  of  the  ground  on  which 
it  stands.  Thus  in  the  case  of  the  Workshop  of  the  Meclianical  Institute 
of  Tokyo  Imperial  University,  tlie  normal  motion  of  one  of  the  upper 
story  walls  amounted  to  0*05  mm  (period  =  0*043  sec),  while  tliat  on  the 
ground  at  a  distance  of  18  feet  from  the  engine  was  0015  mm  (pericxl  = 
0*071  sec.).  Similarly  in  cases  of  actual  earthquakes,  buildings  general- 
ly act  more  or  less  as  a  kind  of  seismoscope,  being  sometimes  thi-own 
iuto  vibrations  many  times  larger  than  the  motion  of  the  ground.'^ 

6.  SensihU  limit  of  small  motion.  For  pi*actical  purposes,  it  is 
desirable  to  fix  the  sensible  limit  of  small  motion  in  the  disturbances 
of  artificial  origins.  This  is,  however,  a  difficult  pix)blem,  since  the 
limit  in  question  would  be  widely  difierent  for  difierent  persons.  The 
following  result  is  to  be  regarded  only  as  a  provisionary  one. 

From  the  study  of  the  macn>-seismographic  diagrams  obtained  in 
Tokyo,  the  least  value  of  the  iutensity,  or  maxuuura  acceleration  (  =  a), 
of  the  sensible  eai*thquake  motion  seems  to  be  about  17  mm  per  sec. 
per  sec.  Denoting  by  T  and  2a  respectively  the  ^jeriod  and  the  double 
amplitude  of  a  motion  of  sensible  limit,  we   have 

2;r-x2a 


a=- 


,     or     2sL=(^)xT'=0mxT\ 


which  latter  equation  gives  the  range  of  motion  corresponding  to  a 
specified  value  of  the  period  T,  The  figures  contained  in  the  following 
table  have  been  calculated  according  to  the  above  formula. 


1)  See  Prof.  Milne:  "Seismic  Survey/'  Trans.  Seism.  Soc.,  Vol.  X;  and  F.  Omori : 
'*  Earthquake  Measurement  in  u  brick  building,"  and  **  Motion  of  a  Brick  Wall  produced 
by  onrthquakes,"  Ihc   l*ubl.  of  the   Ktirtliq.  Inv.  Com.,  Nos.  4  and  12. 
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T 

2a 

T 

2n 

sec. 

lUIU. 

sec. 

lUItl. 

0.10 

0.00!) 

0.043 

0.0010 

0.11 

012 

0.012 

; 

0.07 

0.004 

0.08 

0.006 

0.20 

o!o3i 

o.oy 

0.007 

0.21 

0.038 

0.22 

0.042 

0.2a 

0.04<i 

0.24 

0.050 

i 

0.25 

0.054 

. 

Thus  it  will  l)e  observed  that,  with  ijeriocls  of  O'lU  aud  0*20  sec., 
the  motion  will  become  sensible  respectively  at  ranges  of  about  0*01 
and  0*03  mm.  It  is  hei-eby  to  be  noted  that  the  quantities  /y,  2a  and 
T  i-ehite  all  to  the  motion  of  the  gronmly  which  will  Ije  just  stix>ug 
enough  to  be  felt  l)y  people  sitting  in  wooden  houses. 


Tokvo. 


June,  1901. 
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Note  on  the  Relation  between  Earthquakes 
and  Changes  in  Latitude. 

By 

F,  Omori,     Ilujalmshiy  ItigaktUiakushiy 
Member  of  llic  Imperial  Kartluiiiakc  Investigation  Committee. 


With  Plates  V  and  VI. 

1.  Introduction,  Tlie  i*elatiou  between  earthquakes  and  changes 
iu  latitude  is  one  of  tlie  subjects  whose  investigation  was  undertaken 
by  the  Imperial  Earthquake  Investigation  Committee,^^  which  in- 
stituted in  1895  the  obsei-vation  of  latitude  variation  in  Tokyo  by 
means  of  a  WanschaflF's  zenith  telescope  of  81  nun  apeiiure.*'^ 

I  give  next  a  short  account  of  what  has  aheady  been  done  by 
seismolc^ists  in  this  connection,  and  then  proceed  to  compare  the 
seismic  frequency  in  Japan  with  changes  of  latitude  in  Tokyo. 

2.  In  the  British  Association  Be^Kjrt  for  the  year  1900,  Piiof. 
Milne  gives,  for  the  yeai-s  1895  to  1898  inclusive,  a  comparison 
of  the  w^anderings  of  the  pole  from  its  mean  position  with  the  xg- 
gistei-s  of  earthquakes  which  have  disturbed  tJie  whole  world,  or,  at 
least,  continental  al^as ;  the  conclusion  arrived  at  l^eing  that  when 
tlie  pole  displacements  wei*e  comparatively  gi^at  hirge  earthquakes 
wei-e  fi-equent  and  vice  verm,     Prol.  Milne's  i*esults  ai'e  as  follows. 


1)  See  Baron  Kikuchi's  l^fuce  to  No.  1  of  the  Publicationsf ;  also  No.  1  of  the  ReportH 
(Japanese),  published  in  1893. 

2)  In  1898,  the  work  of  the  latitude  observation  in  Tokyo  has  been  transferred  to  the 
Imperial  Geodetic  Commission.  The  obserrations  were  niiulo  first  by  Dr.  H.  Kimura,  and 
Bubsec|ueutly  by  Mt.  K.  Hirayanui. 
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-  •-.•.- 

'•..'•        Year 

Total  latitude  variiitiou. 

Numliet  of  large  onrtkqaiikes. 

• 

185)5 

0-53 

9 

189« 

0-91 

18 

1897 

1-07 

44  or  47 

1898 

103'' 

30 

Prof.  M  line's  invest  ignition  wjis  continued  by  Dr.  A.  Gancaui,  who 
obtained,  for  the  yeai-s  1899  to  1902  inclusive,  the  following  i^sults.^ 


Y«Mir. 


Total  liititnde  variatioD. 


I 


Number  of  large  oartbqaalme. 


18IM) 
1900 
1901 
190*2 


0-72 
0-32 
0T)8 
0-97 


27 
17 
22 

29 


The  inference  to  be  drawn  fix)ni  the  al)ove  table  is  similar  to 
that  ali'eady  obtained  by  Pixif.  Milne,  namely,  tliat  the  total  annual 
amount  of  the  latitude  variation  was  gi'eater  or  smaller  according  as 
the  nunil^r  of  large  eai-thquakes  was  large  or  small. 

In  the  British  Association  lieport  for  the  year  1903,  Prof.  Milne 
examines  the  numl>ei's  of  large  eaiihquakes  in  the  ten  parts,  into 
which  each  of  the  years,  1892  to  1899,  is  divided ;  the  it3sults  of  the 
investigation  l>eing  that  this  same  ty^^e  of  eailliquakes  has  been  fi'e- 
(juent  when  the  change  in  direction  of  the  movement  of  the  pole  Ims 
been  marked. 

§  3.  Latitude  variation  at  I'okyo,  The  following  table  gives  tlie 
mean  montlily  values  of  the  latitude  of  Tokyo  (the  Astronomical  Ob- 
servatory) for  nearly  8]  yeai-s  between  Aug.  1895  and  Dec.  1903 ;  the 
results  being  giaphically  illustrated  in  fig.  1. 


I 


1)    Adopting  the  vidue  corrected  l>y  Dr.  A.  Ciiocani. 

'1)    Dr.  A.  Caocani :   Sopra  uii'  ipoteticA  relazione  fra  lu  variazioui  di  latitiidine  e  la 
trcfiuoDza  dci  tcrromoti  mondiali.    Boll,  della  Sue  isism.  Italiaua,  Vol.  VIII. 
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RESULTS  OF  LATITUDE  OBSERVATIONS  AT  TOKYO. 
AUG.  1895— DEC.  1903. 


Mem  date. 

Decimal  of 
the  year. 

Latitude. 

Mean  date. 

Decimal  of 
the  year 

La.itnde. 

1S95  Ang.    12 

1895.(a 

35*39'16!'59 

15)00  Apr. 
May 

18 

19C0..30 

35'39'ir»'.'84 

Sept.   H 

70 

10.71 

13 

:i7 

10.81 

Oct.     18 

8U 

16.72 

Jnne 

13 

45 

10.82 

Nov.    16 

88 

16.81 

July 

26 

57 

16.81 

l>ec.     15 

\Hi 

10.80 

Ang. 

15 

02 

16.76 

1896  Jan.    32 

189B.06 

10.75 

Sept. 

18 

72 

16.79 

Feb.    12 

12 

10.73 

Oct. 

15 

79 

16.88 

Mar.    1(J 

21 

10.68 

Nov. 

15 

87 

10.82 

Apr.    13 

28 

10.60 

Dec. 

12 

95 

10.79 

May     16 

37 

10.57 

1JX)1  Jfin. 

16 

1901.05 

10.70 

June   15 

40 

10.47 

Mar. 

23 

23 

10.70 

Sept.   20 

72 

10.09 

Apr. 

13 

28 

10.70 

Oct.     19 

Hi) 

10.8:^ 

May 

18 

38 

10.09 

New.    12 

87 

16.84 

Jnne 

10 

40 

10.07 

Deo.     12 

95 

10.87 

Jnly 

20 

57 

10.09 

185)7  Jan.     13 

1897.07 

10.85 

Oct 

22 

1901.81 

10.98 

Feb.    13 

12 

10.85 

Nov. 

22 

89 

17.04 

Mnr.    in 

21 

10.78 

Deo. 

14 

95 

17.01 

Apr.    23 

31 

10.77 

1902  Jan. 

13 

1902.04 

10.98 

May     19 

38 

10.59 

Feb. 

15 

13 

10.85 

Jnne   13 

45 

10.52 

Mar. 

13 

20 

10.83 

Jnly    18 

55 

10.41 

Apr. 

10 

29 

10.07 

Ang.    17 

03 

10.39 

May 

10 

:r7 

10.04 

Sept.    15 

71 

10.54 

Jnne 

10 

44 

10.02 

1S98  Oct.     15 

1S0S.79 

10.58 

Jnly 

13 

53 

10.07 

Nov.    12 

87 

10.78 

Ang. 

28 

00 

10.80 

Dec.     14 

95 

10.88 

Sept. 

18 

72 

10.92 

189f»  Jan.     19 

1899.05 

10.95 

Oct. 

10 

79 

10.95 

Feb.     11 

12 

10.94 

Nov. 

15 

88 

17.02 

Mar.   20 

22 

17.02 

Dec. 

19 

97 

17.03 

Apr.    18 

30 

17.02 

19('3  Jan. 

15 

1003.04 

17.04 

Miiy     15 

37 

10.95 

Feb. 

15 

13 

10.!)2 

18:)9  Jnne    12 

1899.45 

10.85 

Mar. 

13 

20 

10.85 

Jnly    21 

55 

10.60 

Apr. 
:^Ifty 

Iti 

29 

10.75 

Ang.    17 

03 

10. <» 

10 

37 

10.01 

Sept!   13 

70 

10.61 

Jnne 

13 

45 

10.54 

Oct.     18 

m 

10.08 

Jnly 

22 

50 

10.53 

Nov.    15 

87 

10.67 

Ang. 

20 

VA 

10.50 

Dec    24 

98 

10.09 

Sept. 

15 

71 

16.01 

1900  Jan.    til 

1900.0<»i 

10.73 

Oct. 

10 

79 

10.09 

Feb.    IG 

13 

10.77 

Nov. 

13 

87 

10.77 

Mar.    17 

21 

10.81 

Dec. 

17 

96 

10.80 

Ifi 
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*\  *■  To  see  the  relntion,  if  any,  l)etweeD  the  latitude  varifttioii  in  Tokyo 
and  tlie  frequency  of  larp^e  Japan  eai*thquake»,  the  hitter  are  marked 
along  the  a1)sc]ssa  or  tinic  axis  of  tlie  diagram  (fig.  1) ;  each  black  dot 
(  •  )  denoting  a  gi-eat  and  more  or  less  destructive  sliock,  while  a  small 
circle  (  o )  denotes  a  large  earthquake  which  was  not  destructive,  but 
whose  area  was  extensive  and  al>out  10,000  square  rP'  or  more. 

An  examination  of  fig.  1  shows  tliat  all  the  destructive  eartliquakes 
occuiTed  exactly  or  very  nearh'  at  those  epochs  when  the  latitude  was 
at  a  maximum  or  a  minimum.  The  non-destructive  extensive  earth- 
quakes indicate  also  a  similar  tendency,  though  in  a  less  marked 
degi^e. 

Nofe,  From  fig,  1  it  will  l)e  at  once  observed  that  the  curves  A 
and  r  and  the  curves  h'  and  c'  are  nearly  symmetrical  with  respect 
to  the  cuiTe  a;  h  and  c  corres}X)nd  to  the  e|xx^h  June  1901  to  June 
1903,  c'  and  h'  to  the  epot^h  Aug.  1897  to  Aug.  1899,  while  a  coiTes- 
ponds  to  the  epoch  Aug.  1899  to  June  1901.  The  latitude  variation 
was  smallest  in  the  e\yych  denoted  by  the  curve  a, 

Tlie  following  table  c/nitains  a  list  of  the  successive  epochs  of  the 
difTei'ent  pliases  of  the  latitude  variation,  deduced  directly  fi'om  the 
diagram  (fig.  1 ),  eac^h  sign  ( x )  denoting  a  destnictive  earthquake.  It 
will  be  seen  that  all  the  destnictive  earthquakes  occiUTed  during  the 
epocks  of  the  maximum  and  minimum  latitude,  as  above  stated. 


MiDimnm  Latitude.    {  Mnximnni  Liititnrle.    DecrenHing  Latitude.  I  iDcreoftlDg  Latitude. 


Year.    Monlli. 

1896,  VI-VIIT. 

1897.  Vll-VIir. 

1898,  IX. 

1899.  VII- XII. 


j  Year.    Mr)ii(li. 

1895,  XI-XIL 
I  1896.  X-1897,  n. 
'  1899,  I-V. 

j  iJMM),  IV- xr. 


1901,  II-VIII.  yxxxx'  V.MH,  X-19()2,  I. 
11K)2,  IV-VII. 
190-2,  XI-1903,  I. 
1JK)3,  VI- VIII. 


Aggregate  duration 
=  20  inontliH. 


Aggregate  dn ration 
=  10  montliR. 


Year,    ^fonth. 

l«Wi,  I-V. 
1897,  in- VI. 
1899,  VI. 
1901,  I. 
11M)'2.  II-III. 
i:m):j.  I  I-V. 


Year.    Month. 

1895,  VIII-X. 

1896,  IX. 
1898,  X-XII. 
190(»,  l-III. 

I  1901,  I-X. 
;  lIHJ-2,  VIII-X. 
!  11K)3.  IX-XII. 


Aggregate  duration 
=  14  months. 


Aggregate  duration 
=  14  montliH. 


1)    l?*i=4km  nearly. 
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4.  Sensible  earthquakes  in  Tokyo.  The  total  numbers  of  the 
sewfiUe  earthquakes  in  Tokyo,  which  oi».curred  during  the  different 
phases  of  the  latitude  variation,  between  1895  and  1903,  wei*e  n>s 
follows : — 

I  With  minimum  latitude Ill  earthquakes. 

I      „      maximum       „        GO 

Sum =£',  =  180  Z 

t  With  decreasing  latitude 76  „ 

I      „       increasing        ,,       47  „ 

Sum.. =^£.--=12^  ~, 

Tliese  figures  apparently  indicate  that  the  earthquakes  of  the  kind 
under  considei^ation  oecuri'ed  most  fi-equently  with  the  minimum  latitude 
and  least  frequently  with  the  inci-easing  latitude.  In  realit}',  however, 
such  was  not  the  case.  Thus  the  total  numbers  of  the  months  included 
under  the  different  phases  were  as  follows:  — 

jVJinimum  latitude     20  montlis 

Maximum        ,,  16 


Sum =aS\=42 

[  Deci'easing  latitude   14 

I   Increasing         „         14 


Sum    =^%  =  28 

Tlje  ratios  -^  and      ^'-     are  practically  identical,  1>eing   respec- 

tively  4*J)  and  4*4 ;  a  result  which  seems  to  indicate  that  the  frequency 

of   the   sensible   esrthquakes  in  Tokyo  has  no  relation  to  the  latitude 

variation. 

6.     EarUiqiiakes  of  area  greater  than  1000  sqnai^e  rl.     The  numbers 

of   recent   Japan    earthqjiiakes    of    land    area   of   disturbance*^  gi*eater 

tlian  1000  square  W,    which    happened  during  the  different    phases  of 

'  _^_ 

1)    *'  Area  of  diflturbance "  of  an  enrthqimke  menDR  here  the  area  within  which  the 
sbaklDg  was  felt,  or  stroog  enough  to  he  perceptible  without  inHtnimeDtnl  aid. 
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tlio  latitude  variation,  between    1895   and    1903,    wew    as  floUows : — 

Witli  minimum  latitude 49  eaiihquakes. 

„       maximum       „         29  „ 

Sum =AV=78  ~ 

With  decreasing  latitude         36  „ 

„       inci-easing         „  18  „ 

Sum =iV=54 


I 


The  preponderance  of  the  earthquakes  in  the  epochs  of  the  max- 
imum and  minimum  latitude  is  here  again  only  apparent;  the  total 
numbers  of  the  montlis  included  under  the  difTei'ent  phases  1)eing  as 
follows : — 


Minimum  latitude 12  montlis. 

Maximum       „        12 


Sum =^SV  =  24 


I 


Decreasing  latitude 10 

Increasing         ,,         7 

Sum =s.'  =  n 


E '  E ' 

The  ratios  — ~  n-iid  —^  fire  equal  to  one  another,  l^eing  3.3  and 

3.2  respectively. 

6.  From  what  has  been  said  in  §  §  4  and  5,  it  seems  tliat  great 
destructive  earthquakes  in  Japan  liave  a  marked  tendency  to  occur  in 
the  epochs  of  the  maximum  and  minimum  latitude  at  Tokyo,  a  con- 
clusion which  is  in  liarmony  with  the  I'esulis  ali-eady  obtained  by  Prof. 
Milne  (§  2).  On  the  other  liand,  the  fi-equency  of  the  small  e^irthquakes 
or  those  whose  areas  of  disturbance  is,  say,  under  10,000  square  ?•/, 
seeins  to  liave  no  particular  relation  to  the  latitude  variation. 

7.  Nofe  on  the  long-j^eriod  variations  of  seismic  frequency. 

(a)     Dostnictive  enrthquakos  in  Japan.     Great  seismic  disturbances 
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liappeu  sometimes  singly  or  isolated  but  generally  tend  to  occui*  in 
groups.  Thus  the  154  destiiictive  earthquakes  in  Japan  since  tlie 
beginning  of  the  14th  century  may  be  more  or  less  definitely  divided 
into  41  gi-oups,  whose  mean  epoclis  rwcuii'ed,  on  average,  eveiy  13^ 
years. 

ib)  Ithtrlluiualces  in  Kyoto.  Kyoto  was  the  capital  of  the  Empire 
during  the  1070  years  between  797  and  1867.  The  recoi-d  of  earth- 
quakes in  this  city  is  tlierefore  most  complete,  and  includes  1318  shocks, 
of  which  34  were  destnictive,  194  strornj,  and  the  remaining  1090  sligU, 
Confining  our  attention  to  the  two  most  disturbed  epochs,  namely,  the 
9th  century  and  the  time  interval  between  the  years  1340  and  1609, 
the  seismic  activitif^  pi'esents  a  series  of  fluctuations  of  periods,  whose 
mean  value  is  6^  years.  Especially  between  the  years  854  and  890 
the  variations  were  regular  and  had  an  average  period  of  6  years.*-*^ 
(See  fig.  2.) 

In  connection  with  the  periodicities  of  the  seismic  activity  above 
considered  it  is  interesting  iiy  note  that,  according  to  Dr.  H.  Kimura, 
who  studied  the  latitude  variation  during  the  intervals  between  the  yeai-s 
1890  and  190*2,  the  poLir  motim  has  a  six  yeai-s'  period,  the  maximum 
deviations  of  the  instantaneous  pole  having  occuri-ed  in  1891  and  1897, 
and  the  minimum  in  1894  and  1900.^' 

llie  mean  period  of  seismic  activity  at  Kyoto  is  thus  eqmd  to  that 
of  the  jxjle  motion,  while  the  mean  eixx^hs  of  the  destructive  earth( quakes 
recui-  at  inter>'als  of  nearly  double  the  length. 

8.  Earthquakes  in  Jajxin  hettoeen  1886  and  1903,  For  the  Siike 
of  reference  I  give  in  the  following  table  the  numbers  of  eaiihqmikes 
in  the  whole  of  Japin  dui-iug  the  19  yeai-s  between  1885  and  1903, 
classified  according  to  the  land  area   of    disturbance,  and  also  to   the 

1)  ii^sinic  activity  for  each  year  is  here  the  sum  uf  the  nunibera  of  small,  stroug, 
and  destructive  earthquakes  multiplied  respectively  with  the  coefHeients  1,  2,  aud  '2. 

2)  F.  Omori :    Notes  on  the  Earthquake  Investigation  Committee  Catalogue  of  Japanese 
earthquakes.    Jour.  Sc.  Coll.,  Tokyo  Imp.  Univ.,  \ol  XL 

3)  H.    Kimura:    On  the  Six  years'    cycle  ut  the  i>Dlar   motiou  duriug  the  iuterval 
l8yi-rJU2.    Astr.  Nttchr.,  No.  31132,  Feb.  VMi. 
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iniemUi/'  of  motiou  at  the  epicentre  or  at  the  ueai-est  sea-coast  in  cases 
the  latter  was  submarine.  Some  of  the  d'ajU  eai-thquakes  wei-e  uufelt 
ones,  wliicli  were,  however,  intense  enough  to  be  registered  by  oidi- 
naiy  Gmy- Milne  type  seismogiuplis. 


JAPAN  EAKTHQUAKES  IN  RECENT  YEAKS. 


Year 

Land  area  of  disturbance. 
'           (in  square  ri) 

Intensity. 

Sum 

<1UU 

>100 

>1,0C0 

>5,0C0 

>  10,000 

Strong. 

Weak. 

Slight. 

1885 
188G 
18S7 

309 
349 
349 

143 

104 

97 

28 
18 
34 

2 
1 
3 

0 
0 

— 

— 



482 
472 
4S3 

1888 
1889 
IWHJ 

1   482 

1   7fi7 

707 

1 

104 
117 

9;> 

41 
44 
39 

3 
2 
3 

0 
0 
0 

58 
51 
49 

266 
290 
2G4 

300 
589 
532 

r>30 
'.130 
845 

1891 
18U2 
18U3 

028 

157 
26 
27 

J) 
4 
2 

1 

0 
0 

84 
85 
49 

332 
242 
220 

2104 
1591 
1207 

2070 
1918 
153G 

18U1 
18U5 
IH'JO 

i 

25 
10 
15 

12 

4 

20 

5 

1 
3 

(i5 
28 
50 

335 
189 
273 

2329 
1200 
1578 

2720 
1417 
1907 

]8'J7 
1898 
1899 

:  1280 
1389 

235 
243 

9 
45 
30 

21 
15 
12 

(i 
3 
7 

29 
37 
40 

209 
220 
153 

1493 
1384 
1502 

1731 
1047 
1755 

190U 
IJOI 
1902 

149G 

1278 
j  1177 

237 
251 
220 

130 
132 
113 

20 
20 
20 

5 
3 

45 
34 
37 

200 
215 
184 

1013 
1301 
1207 

1888 
1010 
1488 

19U3 

1051 

184 

99 

11 

3 

43 

175 

1131 

1349 

1)  The  intensity  of  non-destructive  earthquakes  is  indicated  as  strong^  ^ceak,  or  slighi, 
A  slitjht  shock  is  one  "which  is  very  feeble  and  just  sensible ;  a  iceak  shock  is  one  whose 
motion  is  well  pronounced  but  not  so  severe  as  to  cause  genend  alarm ;  and  finally  a 
strong  shock  is  one  which  is  sulticiently  severe  to  knock  down  some  lurniture,  to  cause 
ixioi^lo  to  run  out  of  dourd,  etc 
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With  respect  to  the  above  table,  two  things  are  to  be  remarked, 
uamely,  ( 1 ),  that  an  enormous  iuciBose  of  eaiiliquakes  since  1891  is 
due  to  the  after-shocks  of  the  great  eaiiliqiiakes  which  took  place  in 
that  and  the  subsequent  years ;  and,  ( 2  \  that  a  marked  increase 
in  the  number  of  the  earthquakes  of  area  greater  than  1000  square 
ri  since  1900  is  mainly  due  to  the  recent  increase  of  the  Gray-Milne 
type  seismc^raphs  in  the  different  parts  of  the  country  and  to  the 
consequent  enlargement  of  the  area  of  disturbance. 

As  stated  before,  the  maximum  deviations  of  the  polar  motion 
took  place  in  1891  and  1897,  and  also  probably  in  1903 ;  and  it  is 
interesting  to  remark  in  this  connection  that  the  great  Mino-Owari 
earthquake  occurred  in  1891,  and  the  greatest  numl^er  of  earthquakes 
of  land  area  larger  than  5,000  square  ?u*  occuiTed  in  1897,  although 
the  seismic  activity  was  small  in  1903. 

A  glance  at  the  above  table  also  indicates  that  the  number  of 
strong  earthquakes  (which  include  also  violent  and  destructive  ones)  is 
not  necessarily  proportional  to  tliat  of  large  eaithquakes  or  those  of 
great  area  of  disturbance. 

Tokyo.  AprU,  1904. 


Note  on  the  Annual  Variation  of  the  Height 
of  Sea-level  at  Ayukawa  and  Misaki. 

By 

F.  Omoriy  Itigahushi,  RigakuhohifiM, 
Member  of  the  Tiiii>erial  Kartliqiiake  Tiivesti$rntion  ('Oiinnittee. 


^Vith  Plate  VII. 


The  present  note,  which  is  to  be  regarded  as  a  supplement  to 
mj  paper  on  the  annual  and  diurnal  variations  of  seismic  frequency 
in  Japan,'^  treats  of  the  comparison  of  the  amount  of  fluctuation  of 
the  height  of  sea-level  with  that  of  the  barometric  pressui-e,  at  Ayukawa 
and  Misaki.  These  two  places  are  both  situated  on  the  Pneitic  ccast 
of  the  Main  Island;  Ayukawa,  in  the  province  rf  Rikuzen,  having 
been  selected  on  account  of  its  proximity  to  the  origins  of  the  submarine 
earthquakes  so  often  disturbing  the  north-eastern  pai-t  of  the  Island, 
while  Misaki,  in  the  pi-ovince  of  Sngami,  has  l)een  taken  for  the  sake 
of  comparison. 

Tlie  following  table,  which  has  l^een  deduced  from  the  tide-gauge 
observations  during  the  year  1902  at  Ayukawa  and  Misaki,  gives  the 
mean  monthly  values  of  the  distance  between  the  sea  surface  and  the 
datum  line  in  the  mai'eogram  at  each  of  the  two  places. 


1 )    See  the  PMiralian/i,  No.  8. 
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Distance  between  nen  surfnoe  and  <1ntnnt  line  in 

the  mnreogmm.i) 

Month 

Ayukawa. 

Misaki. 

metre. 

metre. 

Jannary. 

3.545 

3.703 

Febmarv. 

3.666 

3.832 

March. 

3.643 

3.763 

April. 

3.621 

3.729 

May. 

3.570 

3.644 

Jnne. 

3.495 

3.C61 

July. 

3.469 

3.657 

August. 

3.482 

3.606 

September. 

3.447 

3.556 

Octol)er. 

3.494 

3.584 

November. 

3.539 

3.668 

Decemlier. 

3.509 

3.575 

The  results  coutnined  in  the  above  table  ai-e  illustrated  in  fig. 
1,  which  shows  that  the  variation  of  the  height  of  the  sea  level  at 
Ayukawa  was  nearly  similar  to  that  at  Misaki. 

The  following  table  gives  the  mean  monthly  relative  heights  of 
the  sea-level  at  Ayukawa  and  Misaki,  deduced  from  the  preceding  to- 
gether with  the  mean  montlily  baiT)metric  pi-easures  dm*ing  the  same 
year  deduced  fi-om  the  mean  of  the  observations  at  tlie  meteorological 
observatories  of  Ishinomaki  and  Yokosuka ;  the  two  latter  places  lur- 
ing respectively  near  to  Ayukawa  and  Misaki. 


Month. 


Motin  height  of  pca-leveL 


Mixuki. 


Ayukawa. 


Mean 


Mean  barometric  premnre 
(reduced  to  sra-level  and  O'C.) 


mm 

mm 

mm 

mm     mm 

January.        i 

129 

121 

125 

700  +  61.3 

febmarv.      | 

0 

0 

0 

64.5 

March. 

69 

23 

46 

62.2 

Apiil. 

103 

45 

74 

60.2 

Htaflf 


1)    The  figureR  in  the  table  were  fumiRlie<l  by  the  Survey  Department  of  the  General 
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Mean  height  nf  sen 

■level. 

Menn  liarometric  preFgnre 

Month. 

MiHaki. 

Aynknwn. 

Meiui. 

(redno.efl  to  sea-level  and  O'C.) 

mm 

mm 

mm 

mm     mm 

May. 

188  . 

nfi 

142 

700+59.4 

Jiiue. 

171 

171 

171 

5G.4 

July. 

175 

197 

18(5 

56.2 

August. 

22G 

184 

205 

58.8 

September. 

27G 

219 

248 

58.7 

Oc^tober. 

248 

172 

210 

0-4.1 

November. 

104 

117 

141 

05.5 

Deceml)er. 

257 

157 

207 

61.0 

From  fig.  2,  which  graphically  illustrates  the  results  contained  in 
the  above  table,  it  will  be  seen  that  the  curve  of  the  annual  varia- 
tion of  tlie  baix)motric  pressui-e  is  nearly  opposite  to  tliat  of  the 
height  of  sea-level.  Further,  the  annual  fluctuation  of  the  mean 
monthly  barometric  pressure  was  0.3  mm,  which  corresponds  to  9.3  x 
13.6=12Gmm  height  of  water.  On  the  other  hand,  the  annual 
fluctuations  of  the  height  of  sea-level  were  27G  and  219  mm  at  Misaki 
and  Ayukawa  respectively.  At  these  places,  therefore,  the  fluctuation 
of  the  height  of  sea-level  is  opposite  to,  and  nearly  double,  that  of 
the  atmospheric  pressure.  In  other  words,  the  sea  bottom  Ls  subjected 
to  a  greater  toUd  pressure  in  the  summer  months  than  in  Feb., 
March,  and  April,  the  dift'eveneo  between  the  maximum  and  minimum 
total  pi'essui'e  l)eing  nearly  equal  to  that  of  the  annual  amount  of 
fluctuation  of  tlie  monthly  mean  barometric  height.  Such  is  probably 
true  of  the  whole  Pacific  consts  of  the  Japanese  islands. 

Tlie  increa.se  in  the  height  of  sea-level  in  summer  months  as  above 
described  is  to  be  explained  partly  by  the  fall  in  summer  of  the 
atmospheric  pi-essnre  over  Japan  and  the  ueighl)ouring  seas,  and  partly 
by  the  presence  of  a  high  pressure  ai-ea  on  the  northern  Pacific  in 
the  vicinity  of  the  Aleutian  islands;  the  surface  of  the  ocean  being 
consequently  thrown  into  a  curve  form,  such  that  the  surface  of  the 
water  is  depi-essed  l)eneath  the  high  ])ressure  centime  and  elevated  along 
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tlie  coasts  of  the  Japnuese  islauds.  Similarly  the  decrease  of  the  height 
of  sea-level  in  winter  months  is  to  be  explained  by  the  rise  of  the 
atmospheric  pressure  over  Japan  and  the  presence  of  a  low  pressure 
area  on  the  iif^rthem  Pacific.  Tliis  probably  explains  the  occurrence 
in  summer  and  in  winter  respectively  of  the  maximum  and  minimum 
seismic  frequencies  at  those  places  which  are  shaken  principally  by 
eai-thquakes  of  sub-oceanic  origin. 
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Note  on  the  Lunar-daily  Distribution 
of  Earthquakes.'' 

By 

F-  Omori,     lilgakus/d,  llujaknhakushi, 
Member  of  the  liiifierial  Kartliciimke  Iiivestiiiratioii  CoiiiiiiiiicMv 


.     ^Vith  Plates  VIII  and  IX. 

1.  INTliODUCTlON.  The  relations  between  eartlKiuake  fi-e- 
quency  and  the  moon's  position  were  discussed  by  several  seismologists 
since  the  middle  of  the  19th  century.  The  following  is  a  brief 
sommary  of  the  more  impoi-tant  investigations  in  recent  years. 

M.  de  Montessus  de  Ballore'-^  who  treated  a  vast  earthqiuike 
catalogue,  lias  obtained  a  wholly  negative  i-esult.  Thus,  dividing  the 
lunar  day  of  24  h  50  m  into  eight  pai-ts,  of  which  the  middle  of  the 
first  con^esponds  to  the  time  of  the  upper  culmination,  he  finds  the 
following  earthquake  distributions"*': — 

I     eighth 5579  eai-thquakes. 

U    5558 

III  5611 

IV 5508 

V 5802 

.  VI 5564 

VII 5571 

VIII 5662 


1)  TxansktioD,  with   Bome  additions,  of  an  article  by  the  Author  published  in  the 
Heports  (Japanese)  of  the  Imp.  Earlbq.  Inv.  Com.,  No.  32,  1900. 

2)  Archives  des  Sdenuen  PhysiquoH  et  Nnturelles,  Tome  XXII,  188'J. 

3)  Tiana  tiseism.  Soc.,  Vol.  XV. 
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These  figiues  are  quoted  from  Dr.  C  G.  Knott's  pai)er  entitled : 
M.  de  Ballore's  calculations  on  eartliqiuikc  fi"eqiiency*\  He  i-emarks 
that  it  is  impossible  to  base  any  definite  conclusion  as  to  the  lunar- 
daily  periodicity  in  earthquakes  on  such  numbers  as  these,  the  ratio 
of  the  maximum  to  the  minimum  Iwing  105  :  100. 

Tlie  most  impoiiant  of  the  i-ecent  investigations  on  the  relation 
between  eiii-thquake  frequency  and  the  position  of  the  moon  is  tliat  by 
Dr.  C,  G.  Knott,  who  examined  the  Japan  earthquakes  contained  in 
Prof,  Milne's  great  Catalogue  (Seis.  Joui*.  of  Japan,  Vol.  IV),  and 
arrived,  amongst  othere,  at  the  following  results-':  —  (1)  Earthquake 
frequecy  is  subject  to  a  ^periodicity  associated  with  the  lunar  day;  (2) 
The  lunar  half-daily  period  is  relatively  pmminent,  and  its  phase  falls 
regularly  in  isolation  to  the  time  of  the  meridian  ^Missage  of  the  !U(K>n. 

2.  In  the  discussion  of  the  lunar  influence  on  eaiihquakes,  the 
after  shocks  of  a  gi'eat  eai-thquake  may  be  supposed  as  furnishing  the 
best  materials  for  investigation,  on  the  following  two  accounts: — (1) 
after-shocks  are  probably  no  other  tlmn  the  removal  of  the  residual 
unstable  or  weak  ix)ints  at  the  disturljed  tract  alx)ut  the  focu3  of  a 
great  seismic  disturbance,  Avhich  must  be  pai-ticularly  sensitive  to  the 
action  of  external  agencies ;  (2)  these  shocks  are  mostly  small  local 
sliakings  whoso  origins  are  near  to  one  another.  Frem  these  consideiti- 
tions,  I  have  taken,  by  way  of  trial,  the  after-shocks  at  Nagoya  of  the 
Mino-Owari  earthquake  of  1891,  and  those  at  Nemiu'o  of  the  Hokkaido 
(iarthquako  of  l8J)-4;  and  for  tlio  sake  of  comparison,  ordinary  eai*th- 
r|uakes  at  Tokyo.  The  eartliquakc  observations  at  Nagoya,  Nemui'o, 
and  Tokyo,  whoso  distribution  in  tlie  lunar-day  considered  in  the  follow- 
iiijj;  §§,  have  all  been  made  instru mentally  l)y  means  of  the  Gray- 
Milne  ty])e  seisniograpLs. 

o.  LUNAU  DAY.  Ihe  lunar  day  is  divided  into  2i  houi-s,  the 
0  hour    c(;rres})onding    with  the  moon's   upper    culmination  for  Tokyo. 

1)  Tmus.  h'eisni.  Soc.,  Vol.  XV. 

2)  l*rof.  CO.  Knott :    On  Liiner  Perioilicitics  in  Eartli(|U)ike  FitMiUency.    Proc  Koyal 
Sfjc.  London,  Vol.  LX,  1K)7. 
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The  times  of  occuirenco  i>f  the  earthquakes  at  Nagoya  and  Nemiu-o, 
i\s  well  iis  those  at  Tokyo,  have  all  been  refeii'ed  to  the  luiiar  time  for 
the  last  uamed  place.  Uliis  will,  however,  leivd  t<^  no  great  inaccui'acy, 
as  tlie  longitudes  at  these  tlu-ee  places  ai-e  not  mnch  different  fi-om 
each  ether,  being  i-espectively  136°  55',  Wj""  35',  and  139^  45'  £, 

i.  AFTEU-SHOCKS  AT  NAGOYA.  The  gi-eat  Mino-Owari 
earthquake  took  place  on  Oct.  28,  1891,  at  about  6  h  37  m  a.m.  The 
number  of  tlie  after-shocks  observed  at  the  meteorological  observatory 
of  Nagoya  till  the  end  of  the  year  1899  was  1854.  In  oi-der  U)  avoid 
the  effect  of  the  r^ipid  decreiise  in  the  seismic  frequency  at  the  com- 
mencement, let  us  exclude  the  observations  within  the  two  weeks 
immediately  after  the  initial  earthquake.  Thus  we  obtain  1270  shocks 
for  the  time  interval  between  Nov.  11,  1891,  and  Dec.  31,  1899,  wliose 
lunar-daily  distribution  is  as  follows. 
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TABLE  I.    LUNAR-DAILY  DISTRIBUTION  OF  1270 
EARTHQUAKES  AT  NAGOYA. 
(Nov.  llth,  1891-Dec.  Slst,  1899.) 


-,  V.«r. 

1 

Sum. 

Lunar  \^ 
hour "" 

i8;ii 

1 

181)2 

18'J3 

i8y4 

I8y5 

i8yG 

I8y7 

i8y8 

isyy 

Hourly. 

3-hourly. 

h      h 

U-  1 

I     y 

7 

1 

8 

4 

8 

2 

3 

1 

40 

174 

1-  2 

1    ^i 

](S 

2 

ir, 

y 

4 

0 

3 

0 

01 

2-  3 

!     15 

7 

5 

17 

10 

2 

2 

3 

0 

iVJ 

3-  4 

H 

10 

5 

n 

H 

3 

0 

1 

2 

54 

•1-   5 

10 

10 

4 

22 

3 

10 

4 

0 

0 

iVi 

•     178 

5-  (i 

'     18 

11 

1 

12 

7 

1 

8 

0 

3 

61 

<X-  7 

14 

12 

4 

11 

2 

4 

3 

1 

1 

52 

15« 

7-  H 

13 

y 

4 

14 

2 

3 

() 

3 

3 

57 

8-  y 

10 
4 

8 
8 

5 

11 
11 

4 
4 

3 

•J 
3 

2 
3 

4 

47 

y-10 

4y 

1     118 

ID-ll     ! 

5 

14 

(i 

14 

11  , 

0 

1 

0 

1 

52 

11-12 

7 

8 

(> 

y 

y 

3 

3 

1 

1 

47 

12-13 

8 

y 

11 

14 

5 

0 

5 

3 

2 

03 

13-14 

14 

y 

2 

13 

5 

3 

1 

1 

0 

48 

102 

14-15 

10 

8 

5 
7 

2 
5 

14 

2 

11 

7 
12 

4 
5 

3 
1 

4 
2 

51 

15-10 

57 

16-17 

15 

7 

10 

« 

y 

0 

5 

1 

1 

0(» 

108 

17-18 

y 

7 

7 

8 

5 

7 

3 

3 

2 

51 

18-11) 

11 

5 

1 

15 

3 

3 

1 

4 

0 

40 

ll)-2l» 

10 

(i 

2 

y 

3 

4 

1 

0 

3 

:{8 

143 

i(»-2l 

18 
13 

7 

y 

8 
2 

y 
y 

0 

7 

3 

1 

4 

0 

2 

2 

1 

sy 

21-22 

44 

22-23 

14 

5 

3 

10 

7 

4 

0 

1 

1 

51 

141 

23-34 

ly 

0 

y 

1 

7 

(> 

2 

1 

1 

40 

Sum. 

27y 

lyc, 

117 

27(; 

143 

loy 

(i5 

12 

.. 

1270 

Moan- 

•  53        159 

The  results  in  Table  I  are    illustrated  in    figs.  I    and  4,  x  being 
the  time  and  //  the  corresponding  hoiuiy  number  of  earthquakes.'' 
Hourly  dlstribtUian.     The  principal  maximum  and  minimum  hourly 


1 )  The  curve  is  drown  free-hand  through  the  mean  positions  of  every  two  successive 
poititH  rcpreticnting  the  relation  between  x  and  y.  This  mcthcd  of  curve  drawing  has 
been  used  in  the  case  of  the  other  diagramH. 
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numbers  of  67  and  38  occurred  respectively  between  the  2nd  and  3rd 
hours,  and  between  the  19th  and  20th  hours : 

Greatest  hourly  eartliquake  number=a=67 ; 

Smallest     „  „  „      =6=38; 

Mean  „  „  „       =c=53; 

a^b=d=29; 

c 

The  second  maximum  (  =  63)  and  minimum  (  =  47)  occurred  res- 
pectively between  the  12th  and  13th  houi^s,  and  l)etween  the  8th  and 
9tli  hours. 

3-Ho7trh/  difilnhuiion.  Tho  curve,  which  is  drawn  by  taking  the 
earthquake  numl^ei-s  every  3  houi-s  (fig.  4 ),  indicates  clearly  two  maxima 
and  two  minima.  Tlie  principal  maximum  and  minimum  numl)er8  of 
178  and  141  occurred  respectively  between  the  3ixl  and  6th  hours  and 
l>etween  the  2l8t  and  24th  hours :  — 

Greatest  3-hourly  earthquake  numl>er  =-4  =  178; 
Smallest  ,,  „  „       =  /?  =  141 ; 

Mean  „  „  „       =6'=  159; 

A-li=I)=  37; 

_^=JF=  23^. 

The  2nd  maximum  (  =  168)  and  minimum  (  =  148)  occuiTed  i-es- 
pectively  l)etween  the  15th  and  18th  houi's,  and  between  the  9th  and 
12th  hours. 

Tlie  symbols  a,  6,  r,  d,  e,  A,  /?,  C,  Z>,  E,  have  in  the  cases  of 
Nemuro  and  Tokyo  earthquakes  considered  next  the  same  meaning  as 
in  the  present  §. 

5.  NEMURO  AFTER-SHOCKS.  Tlie  Hokkaido  eartliquake  took 
place  on  March  22,  1894,  at  7h  56m  p.m.  Tlie  after-shocks  recorded  at 
tlie  Meteorological  ObseiTatoiy  of  Nemuro  till  the  end  of  1899  was  1057. 
Excluding  the  shocks  which  happened  during  the  fii*st  three  days,  to 
avoid  the  effect  of  the  rapid  decrease  at  the  commencement,  there  were 
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in  the  time   intervul  between   Maixsb  2'»th,  1894,  and  Dec.  Slat,  1899, 
799  eartliqniikes,  wliose  lunar  daily  distribution  is  as  in  Table  II. 

TABLE  n.    LUNAR-DAILY  DISTRIBUTION  dP  799 

EARI-HQUAKES  AT  NEMURO. 

(March  25th,  1891— Dec.  31st,  1809.) 


.          Tear. 

1894 

1805 

180(5 

1897 

1808 

1890 

Snm. 

honr  ^\ 

Hourly. 

3-honrly. 

h     h 

0-  1 

1-  2 

2-  3 

!      21 

2f» 

1      1« 

:    20 

25 

8 
8 
1 
7 
8 
fi 

4 

7 

1 
4 
5 

1 

2 
2 
2 
2 

5 
2 

; 

2 

1 
2 
2 

0 
0 

5 

5 

2 
2 

37 
40 
'JO 

'     100 

3-  4 

4-  5 
J-    Ci 

30 
47 
31 

117 

n-  7 

7-  8 

8-  9 

17 
1       11 
\       17 

14 

7 
2 

7 
4 
7 
3 

\ 

3 
2 
fi 
4 

2 
1 
3 
5 
1 
2 

5 
1 

1 
3 

1 
1 

4 

1 
1 
3 

1 
1 

40 
'20 
:i2 

92 

0-10 
10-11 
11-12 

31 
35 
32 

( « 

12-13 
13-14 
14-15 

17 
23 
14 
21 
14 

1    i; 

1 

10 
4 
7 
5 
4 
•2 

3 
5 

I 
4 

4 
2 
2 
2 
3 
4 

4 

1 
2 

1 
3 

1 

1 
1 
5 
4 
3 
2 

30 
3fi 
32 

107 

15-lfi 
lfi-17 
17-18 

3fi 
29 

:)o 

95 

18-10 
19-20 
20-21 

10 
1". 
25 
17 

5 
4 

1 
0 

2 

< 

1 

2 

!         3 

2 

1        ^ 

1 
4 
1 
4 
3 
0 

0 
3 

(         " 

'         '2 
3 

1 
7 
1 
3 
3 
4 

33 
35 
30 

■       98 

21-22 
22-23 
23-24 

21 
20 

80 

Sum. 

1 

423 

127 

1 

:       83 

(-.2 

42 

02 

790 

Mean . . 

33....1((» 

Uonrlji  ffisfrihuflon.  According  io  fig.  2,  the  principal  maximum  and 
ininimuin  hourly  numhei-s  of  i7  aiul  ^0  (x^cinrod  respectively  between 
the  4th  and  Gtli  hoiiivi,  and  l)etwren  the  7th  and  8th   houiv; : 
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a=47  earthquakes. 

ft =20 

c=33 

1=«=82  % 

c 

The  2ud  maximum  and  minimum  of  39  and  21  (x»cun'ed  i*espectively 
between  the  12th  and  13th  hours,  and  between  the  22nd  and  23rd 
hours. 

3' Hourly  diMribution,  According  to  fig.  5,  which  shows  the  3 -hourly 
distribution  of  the  earthquakes,  there  were  two  maxima  and  two  minima. 
Tlie  principal  maximum  and  minimum  numl>era  of  117  and  86  oc- 
curred respectively  between  tlie  3rd  and  Oth  houi^s,  and  between  the 
21st  and  24th  houi-s:  — 

-^  =  117  earthquakt^s. 

(7=100 
A-n^D=  31 

|=^=  31  %. 

Tlie  2nd  maximum  and  minimum  of  107  and  92  occurred  respectively 
between  the  12th  and  15th  houi-s,  and  between  the  6th  and  9th  houi-s. 
6.  TOKYO  EARTHQUAKES.  The  lunar-daily  distribution  of 
the  1462  earthquakes  observed  at  the  Central  MeteoiT)l(>gical  Oliserva- 
tory  during  the  12  yeai-s  between  Jan.  1888  and  Dec.  1899  is  given 
nii  Table  III. 
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TABLE  III.    LUNAR-DAILY  DISTRIBUTION  OF  1462 
EARTHQUAKES  AT  TOKYO. 

(Jan.  1888— Dec.  1899.) 


\yeat 

1888 

imj 

1830 

1891 

1892 

1«&3 

18f^4 

1895 

iai»6 

1897 

inm 

189M 

Sum. 

Lnnftr 
hour. 

Hourly- 

a-bonrly* 

h      h 

0-  1 

1-  2 

2-  3 

4 
4 
4 

G 

3 
4 

u 

5 
B 
3 

6 

! 

4 

5 

7 
5 
3 
4 
4 
3 

4 

n 

4 
(1 

3 

2 

4 

3 

0 
3 

9 

1 
2 

7 
3 

9 
1« 
5 
3 
4 
4 

)3 

It* 
U 
11 

12 

7 
5 
7 
4 
14 
& 

5 

I 

& 
9 
4 

2 
4 

fi 

4 

10 

71 
56 
63 

-    190 

3-  4 

4-  & 

5^  fi 

58 

ri8 

5H 

1B4 

0-  1 

8^  1* 

3 
S 
3 
3 
2 
5 

9 

R 
4 
2 
ii 
3 

3 

3 
5 
4 
4 

n 

4 
4 
4 

ti 

0 

S 

7 
4 
5 

4 
2 

3 
3 
3 

1 
1 
3 

e 

3 
3 
4 
4 
4 

4 

5 
5 
5 

5 
2 

9 
S 

U 

8 

13 

8 
4 

2 
8 
7 
7 

8 

H 

10 

6 

2 
3 
8 
4 
1 
4 

fift 
fil 

.    185 

f»"lO 

ir»-^n 

11-=12 

53 

[    ^'^ 

12^13 
13-14 
14-J5 

4 
3 
C 
& 
4 
4 

7 
8 

4 
5 

9 

3 
3 

*i 
7 
2 

1 

7 
3 
& 

7 
3 
& 

7 
3 

4 

3 
5 

« 
0 
4 
0 
1 
4 

0 
3 
5 
4 
1 
3 

5 
5 
5 
ft 
4 
4 

3 
10 

!S 

4 
14 

5 

5 

11 
10 
fi 

9  ' 

8 

7 

7 

3 

7 

4 

3 
5 

4 
6 
7 

72 
54 
fi3 

t    189 

15-lil 
Ifi-17 

17- IH 

n 

m 

[    180 

lft-l?> 
2i>-21 

0 

7 

3 
4 

4 

3 

8 
3 
2 
D 
2 

3 

3 
2 

3 

1 
4S 
5 
4 
7 
14 

3 
3 

2 
4 

1 

5 

0 
2 
4 

2 

4 

4 

n 

1 

10 
4 

10 

9 
It 

ft 
12 

& 

7 

7 
fi 
4 

5 

4 
5 
N 
4 
3 

:i 

8 
5 

ft 

8 
H 
4 

59 

I    188 

ai'-22 
22-23 
2a- 'J4 

fiii 
53 

58 

173 

101 

113 

93 

123 

92 

<il 

Ifll 

131 

220 

158 

143 

121! 

14fi2 

Mean.        61 . 


.183 


Hourly  dwhibution.  According  to  fig.  3,  tlie  principal  maximum  and 
minimum  hourly  earthquake  numbers  of  72  and  4G  occurred  respect- 
ivel}'  between  the  12th  and  13th  honi-s,  and  between  the  ICtli  and 
17th  hours : — 

fl  =  72  ^artliquakes 

ft:^4n 
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c  =  61  earthquakes 
a-b=d=26 

l  =  c=43  % 
c 

Tlie  2ud  maximuiu  of  71  cx^curi'ed  l^etweeu  the  0  and  Ist  110111*8,  aud 
the  tiud  miuimuin  of  53  between  the  11th  and  12th  houi-s  and  also 
between  the  22nd  and  23rd  hoiu-s. 

3' Hourly  diatribution,  Tlie  cnr\e  of  tlie  3-hoiirly  distribution 
(fig.6)  indicates  cleariy  a  12-houivs  ]X3ricKl.  The  maximum  and  mini- 
mum numbei-s  of  190  and  1G7  occuri-ed  i-espectively  between  the  0 
and  3rd  houi-s,  and  between  the  9th  and  12th  houi-s:  — 

A  —  lyO  eartliquakes 

/;=i(;7 

6^=183 
A-^D^D^  23 

^  =:^^    13  %. 

The  2nd  maximum  and  minimum  of  189  and  173  occurred  resi^ectively 
between  the  12th  and  15th  liours,  and  between  the  21st  and  2ltli 
hours. 

7.  SUMMARF  OF  RESULTS.  Tlie  i-esults  obtained  in  the 
preceding   three   §55  may  Ije  summarized  as  follows. 

Hourly  diafrilnUion.  The  cuiTes  of  the  houily  earthquake  dis- 
tribution for  the  thi-ee  places  are  similar  to  one  another,  each  in- 
dicating two  maxima,  of  which  the  1st  occuiTed  between  the  0  and 
5th  hours,  and  of  which  the  2nd  occurred  in  all  the  thi-ee  cases  be- 
tween the  12th  and  13th  hours.  In  the  case  of  the  Tokyo  earthquakes 
the  two  maxima  were  nearly  equal  to  one  another ;  while  in  the  cases 
of  Nagoya  and  Nemuro  earthquakes,  the  1st  maximum  \vas  somewhat 
greater  than  the  2nd.  The  occurrence  of  the  two  seismic  maxima,  at 
a  mean  interval  of  12  hours,  and  approximately  at,  or  a  little  after, 
the  meridian  passages  of  the  moon,  niay  probably  be  due  to  the  stress 
u^Qie  earth's  crust  caused  by  the  direct  attraction  of  the  moon. 
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The  dotted  liuos  in  figs.  1,  2  and  3,  showing  the  mean  variation 
of  the  eai*thquake  frequency,  indicate  in  each  case,  two  maxima,  of 
which  the  Ist  occun*ed  between  the  7th  'and  12th  hoars,  and  tlie  2nd 
between  the  19th  and  23i*d  hours. 

It  is  hereby  to  be  remarked  that  almost  the  total  number  of  the 
eaiihquakes  at  Nemui*o  and  Nagoya  were  small  local  shocks,  whose 
origins  were,  in  the  two  cases,  totally  different.  Further,  the  Nemuro 
oaiihquakes  were  entii-ely  of  submarine  origin,  and  Nagoya  earthquakes 
mostly  of  inland  origin;  while  the  Tokyo  earthquakes,  whose  origins 
were  diffei-ent  from  those  at  the  two  above  places,  wei-e  partly  sub- 
marine and  partly  inland.  Not^vitlistandiug  these  diffei-ences  in  the 
oiigins  of  earthquakes  the  lunar-daily  distribution  of  earthquakes  at 
the  tln-ee  places  were  alike  to  one  another.  The  values  of  c,  or  the 
amoimt  of  fluctuation  of  the  hourly  number  of  earthquakes,  for  Nagoya, 
Nemiu'o,  and  Tokyo,  were  i-espectively  55,  82,  and  i3%y  giving  an  aver- 
ago  of  GO^^. 

8.  TIDES.  The  relation  between  earthquakes  and  the  position  of 
the  moon  must  be  a  complicated  one,  as,  besides  the  duect  stress 
caused  by  the  moon  in  the  earth*s  crust,  thei-e  we  have  also  to  deal 
with  the  effect  of  the  tides,  for  which  the  times  of  liigh  and  low  waters 
are  considerably  difiei-ent  in  various  portions  of  tli^  coasts  of  the 
Japanese  Islands.  At  Beigan-jima,  Tokyo,  the  high  water  occm-s 
from  5  h  to  G  h  20  m  after  the  meridian  pissage  of  the  moon.  The 
times  of  the  higli  water  at  some  places  along  the  Piicific  and  Japan 
sea  coasts,  refer i-ed  to  that  at  Koigan-jima,  are  as  in  the  following 
table;  being  |)ositive  (  +  )  when  additive,  and  negative  (  — )  when  sub- 
tractive. 


Place.  Time  of  High  water. ! 


Kuwana. 

Hyogo. 

Osaka. 

Shimouoseki. 

Nagasaki. 


+  0h  37m 
4-1     34 

-4-2  01 
+  3  OG 
-fl     5G 


Place. 


Yokohama. 

Ishinomaki. 

Hakodate. 

Niigata. 

Fusliiki. 


Time  of  High  water. 


-Oh  01m 
-1     IG 
-1     03 
-3     01 
-2    57 
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From  tlie  above  tiible,  it  will  be  seeu  tliat  the  times  of  tlie  high 
water  at  the  different  places  on  the  Japanese  coasts  ai*e  2  to  li^  houis 
after  the  meridian  passage  of  tlie  moon.  The  fluctuations  in  the 
seismic  frequency  shown  in  figs.  1,  2,  and  3,  may  entirely,  or  partly, 
be  due  to  the  tidal  motion  of  sea  watei-s.     (See  also  §  9.) 

0.  S-Hourbj  variation.  The  curves  of  the  3-hourly  seismic  vfii'ia- 
tiou  at  the  three  places  (figs.  4,  5,  and  6)  ai*e  appi-oximately  identical  with 
one  another,  each  indicating  two  maxima  and  two  minima.  The  two 
maxima  occun-ed  respectively  between  the  0  and  6th  hours,  and 
between  the  12th  and  18th  houi*s ;  the  1st  maximum  being  somewhat 
greater  tlian  the  2nd.  Tlie  two  minima  occuri-ed  respectively  l>etweeu 
the  Cth  and  12th  hoiu-s,  and  between  the  21st  and  24th  hours.  The 
values  of  the  ratio  L\  or  the  amount  of  tlio  fluctuation  of  the  3-houi*ly 
seismic  frequency,  wei-e  for  Nagoya,  Nemui-o  and  Tokyo,  respectively 
23,  31,  and  13^,  giving  an  average  of  22^^. 

10.  The  conclusions  above  obtained  for  the  three  places  of 
Nagoya,  Nemuix)  and  Tokyo,  may  be  different  from  those  for  other 
places.  It  is,  for  instance,  quite  possible  that  for  some  places 
llie  lunar-daily  distribution  of  earthquakes  indicates  only  a  single 
maximum  and  a  single  minimum.  The  discussion  of  earthquakes 
observed  at  Gifu,  Kumamoto,  Kagoshima,  Ishinomaki,  Utsuuomiya, 
etc.,  will  form  the  subject  of  another  note. 

11.  COMPARISON  OF  THE  LUNAR  AND  BAROMETRIC 
MTECTS  ON  THE  SEISMIC  FREQUENCY.  Let  us  compare 
the  lunar  effect  discussed  above  with  the  effect  of  the  baix)metric 
pi-essm-e  on  the  diuinal  seismic  frequency  at  the  same  thi-ee  places. 
In  the  PuUicatiom,  No.  8,  there  ar  tables  showing  diurnal  distributions 
of  1851,  991,  and  2208  earthquakes  observed  at  Nagoya,  Nemuro  and 
Tokyo  respectively.  From  these  tables,  as  well  as  from  those  given 
in  §  §  4,  5  and  6,  I  liave  constructed  the  following,  showing  for 
each  place  the  excess  of  the  different  hourly  eai-thquake  numbers  over 
the  least. 
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TABLE  IV.    LUNAR-DAILY  AND  DIURNAL  VARIATIONS 
OF  SEISMIC  FREQUENCY. 


MOON'S  EFFECT. 

BAROMEITOC  EFFECT. 

Luniir 

(Lunar-daily  seismic  variation.) 

(Diurnal 

I  seismic  variation.) 

Hour. 

hour. 

i 

a' 

o- 

Sum- 

rf 

s 

55 

d 

Sum- 

S) 

1 

J^ 

Sum. 

Oj 

>> 

^ 

Sum. 

jS 

^ 

Minimum. 

& 

J 

Minimum. 

a.m. 

0—  1 

Hi 

37 

71 

154 

29 

0—  1 

99 

39 

92 

233 

64 

1—  2 

Gl 

40 

56 

157 

32 

1—  2 

117 

40 

81 

238 

72 

2-  :J 

(i7 

29 

63 

159 

34 

2—  3 

96 

40 

90 

226 

W 

3-  4 

54 

39 

58 

151 

26 

3—  4 

101 

50 

85 

236 

70 

4—  5 

63 

47 

68 

178 

53 

!  4-  5 

103 

50 

71 

224 

58 

5-  G 

61 

31 

58 

150 

25 

5—  6 

82 

48 

87 

217 

51 

c;—  7 

52 

•10 

(i8 

160 

35 

6—  7 

61 

44 

95 

m) 

31 

7—  8 

57 

20 

Gl 

138 

13 

7—  8 

(•0 

50 

92 

202 

36 

8—  U 

47 

32 

.5li 

135 

10 

8—  9 

82 

44 

96 

222 

56 

9— lU 

49 

31 

59 

139 

14 

9—10 

67 

37 

113 

217 

51 

lU— 11 

52 

35 

55 

142 

17 

10—11 

57 

43 

93 

193 

27 

11—12 

47 

32 

53 

132 

7 

11—12 
p.m. 

82 

53 

84 

219 

53 

12—13 

G3 

30 

72 

174 

49 

0—  1 

55 

41 

79 

175 

9 

13-14 

48 

:jg 

54 

138 

13 

1-  2 

79 

26 

91 

196 

30 

U-15 

51 

32 

63 

14(i 

21 

2-3 

56 

25 

85 

166 

0 

15— Ki 

57 

3(} 

71 

164 

39 

3—  4 

72 

45 

104 

221 

55 

lG-17 

GO 

29 

46 

135 

10 

4-  5 

65 

44 

97 

206 

40 

17—18 

51 

30 

69 

150 

25 

5—  6 

78 

42 

81 

201 

35 

18-11) 

IG 

33 

^  &.. 

138 

13 

6—  7 

55 

38 

89 

182 

16 

19-20 

38 

35 

r>5 

138 

13 

7—  8 

75 

43 

93 

211 

45 

20—21 

59 

30 

64 

153 

28 

8-  9 

67 

41 

104 

212 

46 

21—22 

44 

36 

(>2 

142 

17 

9—10 

79 

41 

100 

220 

54 

22—23 

51 

21 

53 

125 

0 

10—11 

85 

30 

107 

222 

56 

23-24 

4G 

29 

58 

133 

8 

11—12 

81 

37 

99 

217 

51 

bum 

1270 

799 

1462 

3531 

531 

Sum 

1854 

991 

2208 

5053 

1069 

Let  i\',  Sf  Si,  and  S.,  denote,  for  the  luuar-diiily  distribution,  the 
folhnving  quantities : — 

A" = Hourly  number  of  earthquakes; 
;S'  =  Total  eai-thquake  number  ; 
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h  denoting  the  minimum  Iionrly  earthquake  number,  as  in  §§  4, 
6  and  6.  Further  let  the  symbols  b\  N\  S\  S/,  and  S./  denote  the 
corresponding  quantities  for  the  diurnal  distribution  of  earthquakes. 
Then  the  results  contained  in  the  alK)ve  table  may  l>e  summarized  as 
in  the  two  following  ones. 

Lunar-daily  Earthquake  Distribution. 


Place. 

5 

S,=24xh. 

s,=s-s, 

Ratio.  § 

Ratio,  j| 

Nagoys. 
Nemuro. 
Tokyo. 

1270 

799 

1462 

912 

480 

1104 

358 
319 
368 

0.39 
0.6C 
0.33 

0.28 
0.40 
0.25 

3  places 
taken  together. 

3531 

3000 

531 

(mean) 
0.46 

'mean) 
0.31 

Diurnal  Earthquake  Distribution. 


Place. 

S' 

S,'=24xh'. 

S./=S'-S/ 

Ratio,  |;iRatio,§; 

Nagoya. 
NemuiT). 
Tokyo. 

1854 
991 

2208 

1320 

f>0() 

1704 

534 
391 
504 

0.40 
0.«5 
0.30 

0.29 
0.39 
0.23 

3  places 
taken  together. 

5053 

3984 

1009 

(mean)   1   (mean) 
0.46          0.30 

From  the  aliove  two  tables,  we  see  that,   for   each    of    the    three 

places,  the  ratios  —  and  ^  are  verj'  nearly  equal  respectively  to  the 

Si  S 

ratios   —  and  -J-,  which  shows  that  in   the    diurnal    and    lunar-dailj- 

seismic  variations  the  moon's  eflFect  is  appi^oximately  equal  to  that  of 
the  barometric  pressure.  This  fact  admits  of  a  simple  explanation, 
pmvided  tlie  htnar  effect  l)o  considered  not  jis  the  effect  of  the  moon's 


40  F.   OMOm:      LUNAR-DAILY   DISTKIBUTION   OF  EARTHQUAKES. 

direct  attraction,  but  as  the  eflTect  due  to  the  weight  of  tlie  sea  waters 
in  the  tidal  motion.  Tlius,  according  to  my  note  on  the  annual  varia- 
tion of  the  height  of  sea-level,  ^^  the  total  cliange  of  pressure  at  the 
sea  bottom  off  the  Pacific  coast  of  the  Main  Island  seems  to  be  op- 
posite in  sense,  but  equal  in  amount,  to  that  of  the  barometric 
pi-essure  on  land. 

The  numbers  S2  and  S^,  which  may  be  assumed  i-espectively   as 

the  aggregate  amount   of   the    lunar   and    barometric   effects   on    the 

lunar-daily  and  diurnal  seismic  variations  are  as  follows: 

For  Nagoya:  />.4-52'=28+29  =  57  % 

„     Nemuro:       „       =40+39=79    „ 

„     Tokyo    ;       „       =25  +  23  =  48    „ 

It  thus  seems  that  a  considerable  proportion  of  eiuiliquakes,  irom 
some  50  to  80  %,  are  caused,  or  accelerated  to  occur,  by  the  agencies 
of  the  atmospheric  pressui'e  and  the  moon*s  influence  or  tidal  stress. 


I)    This  volume,  pp.  24-26. 
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Liunar-daily  distribution  of  Earthquakes. 


Fig.l- 
Nagoya, 


Fi|?.  2. 
Nemuro. 


Fig.  3. 
Tokyo. 


O'l         2-3 


17  IS 


22-1*:/     o-I 


opsTlme  (lunar  hour). 

y= Hourly  (lunar)  number  of  eartViquaVt^a. 


LfUnar-daily  distribution  of  £artbquakes. 


Fig.  4. 
Nagojn. 


iss 


PL  EL 


/j-/#       /6'/r 


22-23 


no 

Fig.  ». 
Nemuro. 


*-5  7-9  lO-ll  13-14-  J6-17.  J9-20  22-23 


JS^ 


Fig.  6. 
Tokyo*  V^ 


/ffj- 


J -2  4--S  7-8  lO-il  y^V^  Je-17  JS-20         22-23 

a?=Time  (lunar  hour). 

y=3-hourly  ^lunar)  number  of  earthquakes. 


i{»: 


Synodic-monthly  Variation  of  Seismic 
Frequency  in  Japan. 

By 
A.  Imamura,    Jiigahishi 

Extraorilinary  Member  of  tlio  Imperial  Kartliquakc* 
liivosn<<:atioii  Comniitteis 


With  Plates  X-XVII. 


I.    Introdnntion. 


1.  The  relations  between  the  periodic  fluctuations  of  earthquake 
frequency  and  the  external  agencies,  wliich  have  already  l)een  disciLssed 
by  several  seismologists,  may  lie  supposed  to  lie  most  distinctly  shown 
when  the  earthquakes  treated  ai-e  confined  into  cei*tain  localities,  ns 
a  few  recent  investigators  have  done. 

2.  Dr.  Omori  was  the  first  to  discuss  fully  the  after-shocks  of 
great  eai*thquakes,  the  advantage  in  coiLsideriiig  these  shocks  with 
i-espect  to  the  pmblem  above  mentioned  being  tliat  they  are  numeroits 
and  ought  to  be  readily  aflected  by  external  agencies.  Thus  treating, 
besides  the  14G2  earthquakes  obser\'ed  in  Tokyo,  1270  after-sho<!ks  of 
the  great  Mino-Owari  earthquake  of  1891,  and  799  after-shocks  of  the 
NemurO  earthquake  of  1894,  he  aiTived  at  the  conclusion  that  earth- 
quakes occun-ed  most  frequently  within  a  few  liours  after  the  meridian 
pa.ssages  of  the  moon  and  least  frequently  alxiut  0  houra  later',  the 
result  l>eing  similar  to  that  obtained  by  Dr.  Knott*  who  irade  an 
analytical  study  of  7000  Japanese  eaiihquakes  contained  in  Professor 
Milne's  Catalogue.       Dr.    Oldham's    result  of  the    discussion    of  1274 


1.  ThiJ!  volume,  pp.  27-40. 

2.  ProceedingM  of  the  Roynl  Society  of  LomloD,  vol.  VX. 
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after-shocks  of  the  great  Assam  eaiihqiiake  of  1897  is  tliat  the  shocks 
were  most  frequent  between  10  and  11  p.m.,  and  agiiin  between  6  and 
7  a.m.^  This  is  very  similar  to  the  conchision  arrived  at  by  Dr. 
Oraori,  who,  treating  18279  seismic  observations  at  26  Meteorological 
Stations  in  Japan  obtained  many  important  results,  from  which  it 
appeai-s  tliat  the  seismic  frequency  i^  more  affected  by  the  barometric 
pressure  than  by  the  direct  influence  of  the  sun  such  that  the  curve 
of  diurnal  seismic  frequency  follows  closely  that  of  barometric  pressure, 
large  seismic  numbei-s  corresponding  to  high  pressures.- 

IJ.  An  intei-esting  study  on  the  distribution  of  seismic  occurrences 
with  respect  to  the  relative  position  of  the  sun  and  moon  has  been 
undertaken  also  by  Dr.  Knott,  who  arrived  at  the  conclusion  that  the 
seismic  fi-equency  reaches  its  maximum  at  the  times  of  the  conjunction 
and  opposition  of  the  sun  and  moon,  and  its  minimum  at  the  times  of 
quadrature.' 

4.  Tlie  treatment,  similar  to  that  last  mentioned,  having  been 
very  easy  with  respect  to  the  Japanese  historical  earthquakes  con- 
tained in  our  Committee's  Catalogue,  in  which  the  dates  of  occun'ences 
are  given  both  in  Japanese  synodic  and  European  calendars,  I  have 
taken  up  the  problem  again  and  found  that  the  maximum  seismic 
frequency  occurred  not  only  at  the  times  of  the  conjimction  and 
opposition  of  the  sim  and  moon,  but  also  at  the  times  of  quadrature. 
Til  is  latter  conclusion  is  found  to  be  the  same  in  the  case  of  the 
recent  Japanese  earthquakes  observed  at  the  different  Meteorological 
Stations.     A  detailed  account  is  given  in  the  following  Chaptei's. 

J/.     Sf/noflie-flaUf/  flisfvihution  of  the  Japnn 
hlHtoiural  rftrfhqufih'es. 

i5.     The   Eai-th(]imke  Investigation  (  onimilt>e   Catalogue    contains 


1.  Journal  of  the  Asiatic  Society  of  BeDgal,  toI.  LXXXI. 

2.  PublicationB  of  the  Imp.  Enrthqnnke  Inv.  Comm.  in  Foreign  Lngnnges,  No.  8. 

3.  Dr.  Knott :    On  Lnnnr  Periodid.ieH  in  Earthquake  Froqnency.    Proooedings  of  the 
Koyal  Society  of  London. 
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a  list  of  1898  eaiihquakes,  a  large  disturbance  and  its  after-shocks 
being  reckoned  as  a  single  number.*  These  eai*thquakes  are  classed 
according  to  the  intensity  as  destructive,  drong,  or  8)naUy  each  of  which 
corresponds  approximately  to  violent,  strong,  and  toeak  or  sligld  of  the 
scale    adopted  by  the  Central  Meteorological  Observatory. 

6.  A  few  words  must  be  said  of  Japanese  synodic  calendar.  The 
first  day  of  the  Imiar  month  is  appi-oxiraately  the  time  of  the  conjunc- 
tion of  the  sun  and  moon,  while  the  16th  is  the  time  of  opposition. 
As  a  complete  synodic  month  is  almost  equal  to  29.53  mean  solar 
days,  mouths  consisting  of  29  and  30  days  come  alternately,  or  in 
other  words  the  30th  day  numbers  53^  of  any  other  day  during  a 
sufficiently  long  period.  Hence  I  multiplied,  for  the  use  of  drawing 
the  frequency  curve,  the  factor  100/53  into  the  seismic  number  in  the 
30th,  in  order  to  raise  the  datum  of  this  day  into  equal  weight  as  in 
the  other  days. 

7.  Let  us  now  tui-n  oui*  attention  to  Tables  I  and  11.  Tlie  first  of 
these  relates  to  the  earthquakes  all  over  Japan,  while  the  second  relates  to 
the  1317  earthquakes  i-ecorded  in  Kyoto.-  The  colunm  witli  the  heading 
"  sum  with  weight  "  is  filed  up  with  the  sums  of  small,  strong,  and  des- 
tructive eai*thquakes  of  successive  days  each  multiplied  with  the  factors 
1,  2,  and  3  respectively.  The  last  column  with  the  heading  "  reduced  " 
consists  of  numbei^s  of  the  con-esponding  days  in  the  former  column 
divided  by  the  daily  average  of  the  uumbera  in  that  column. 


1-2.    In  a  fuw  uuMM,  dute  of  ocoorreuceM  in  uuknuwu. 
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A.   IMAMCItA:      SYNODIC-UONTHLY 


TABLE    I. 

SYNODIC-DAILY  DISTRIBUTION  OF  EARTHQUAKES 
RECORDED  IN  JAPAN,  BETWEEN  416  AND  1860,  A.  D. 


SyDoilic 
day. 

SmaU. 

StroDg.      , 

1 

DeHt  rue  live. 

Sum  without 
weigbt. 

Snm  with 
weigh*. 

Reducetl. 

1 

GG 

1 
14        ' 

8 

8S 

118 

1.40 

•2 

71 

5 

5 

81 

96 

1.14 

3 

55 

'•» 

5 

GU 

88 

1.04 

•4 

•15 

11 

5 

Gl 

82 

0.97 

5 

50 

H 

7 

G5 

87 

1.0J 

Ci 

4G 

12 

5 

G3 

85 

1.01 

7 

5'i 

8 

12 

7(i 

108 

1.28 

8 

:n 

11 

3 

51 

(i8 

0.81 

U 

:vj 

8 

8 

55 

71 

0.84 

10 

44 

10 

4 

58 

7G 

0.90 

11 

45 

8 

3 

56 

70 

0.83 

12 

43 

(i 

12 

Gl 

Ul 

1.08 

i:} 

70 

8 

2 

80 

92 

1.09 

U 

54 

10 

G 

70 

92 

1.09 

15 

48 

G 

8 

G2 

84 

1.00 

IG 

55 

7 

G 

G8 

87 

1.03 

17 

4S 

10 

2 

GO 

74 

0.88 

IH 

50 

t) 

3 

G2 

77 

0.91 

It) 

47 

i) 

5 

Gl 

80 

0.95 

»20 

33 

9 

7 

4'J 

72 

0.85 

21 

41 

11 

r. 

5S 

81 

0.96 

•2-2 

45 

11 

5 

Gl 

82 

0.97 

•23 

47 

1 

11 

51) 

82 

0.97 

•24 

40 

11 

8 

G5 

J)2 

1.09 

•25 

5(J 

y 

7 

72 

95 

1.13 

2(; 

37 

7 

11 

55 

84 

l.tH) 

27 

4G 

14 

G 

(>G 

92 

1.09 

28 

31) 

4 

5 

48 

G2 

0.74 

•21) 

44 

12 

4 

GO 

80 

0.95 

3U 

24 

4 

3 

31 

77 

0.91 

Sum. 

1427 

252 

182 

1871 

2525 

— 
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TABLE    n. 

SYNODIC-DAILY  DISTRIBUTION  OF  EARTHQUAKES 
ItECORDED  AT  KYOTO,  BETWEEN  416  AND  1860,  A.  D. 


Synodic 

day. 

Sligbt. 

StroDg. 

Large. 

Sum  ivithout 
weight. 

Sum  with 
weight. 

Rednceci 

1 

41 

10 

1 

55 

67 

1.26 

2 

51 

4 

1 

56 

62 

1.16 

3 

42 

4 

0 

46 

50 

0.94 

4 

35 

10 

2 

47 

61 

1.14 

5 

40 

7 

1 

48 

57 

1.07 

(\ 

33 

8 

3 

44 

61 

1.14 

7 

45 

(*> 

2 

b^i 

63 

1.18 

8 

22 

7 

1 

3<) 

39 

0.73 

y 

31 

8 

2 

44 

56 

1.05 

10 

32 

4 

0 

36 

40 

0.75 

11 

38 

3 

I 

42 

47 

0.88 

1-2 

35 

2 

5 

42 

54 

1.01 

13 

50 

7 

0 

57 

64 

1.20 

14 

41 

0 

1 

51 

(k) 

1.18 

15 

34 

4 

2 

40 

48 

0.90 

16 

42 

5 

1 

48 

55 

1.03 

17 

3IJ 

7 

0 

43 

5(» 

0.94 

18 

40 

5 

2 

47 

56 

1.05 

VJ 

33 

0 

0 

39 

45 

0.84 

20 

2)) 

5 

2 

36 

45 

0.84 

21 

34 

(i 

0 

40 

46 

0.86 

22 

:$4 

0 

3 

46 

61 

1.14 

23 

39 

0 

] 

40 

42 

0.79 

24 

'34 

8 

5 

47 

65 

1.22 

25 

45 

8 

1 

54 

64 

1.20 

2G 

28 

7 

1 

36 

45 

{)X4 

27 

37 

12 

0 

4!) 

61 

1.14 

28 

31 

2 

0 

33 

35 

0.66 

29 

34 

10 

2 

46 

60 

1.12 

30 

13 

3 

1 

17 

42 

0.79 

Hum 

1085 

186 

41 

1312 

1604 

— 

40  A.  imamura:    synodic-monthly 

8.  The  ivdgJited  numbers  of  earthquakes  of  successive  (hxys,  wheu 
(Irawu  iu  curves  (figs.  1-2),  indicate  two  distinct  pairs  of  maxima  on 
the  1st  and  14th,  and  the  7th  and  24th.  The  method  of  drawing  cui*ves 
hei-e  adopted  is  as  follows : — Let  x  represent  the  synodic  days,  and  y 
the  actual  seismic  number  of  the  corresponding  day.  Marking  down 
on  a  section  paper  so  many  points  ( x )  corresponding  to  the  different 
sets  of  X  and  y,  the  cm*ve  is  obtained  by  drawing  a  continuous  free- 
hand line,  which  passes  through  the  mean  positions  of  every  two 
consecutive  points  ( x )  tangentially  to  the  broken  line  coimecting 
dii-ectly  the  points  themselves.' 

9.  As  regaitis  the  causes  of  tlie  two  paii-s  of  maxima,  the  tii-st 
is  probably  due  to  the  combined  tidal  effoi-t  (f  the  sun  and  mcKwi, 
and  the  second  to  the  resultant  of  tidal  and  bai-ometric  prossui"es.  For 
the  explanation,  the  leader  is  i-eferred  to  Chapter  IV. 

III.    Synodic-daily  distrlhutimi  of  the  seismic 
observatimis  at  tlie  different 
Meteorological  Statiotis. 

10.  I  shall  now  proceed  to  discuss  the  distribution  of  earthquakes 
observed  at  the  different  Japanese  Meteorological  Stations.  As  i*egards 
the  full  description  of  the  observations  at  these  stations,  the  i^eader  is 
i"eferred  to  Dr.  Omori's  pai)er  on  **annujil  and  diurnal  variations  of 
seismic  frequency  in  Japan."  -  As  the  montlily  fi-equency  is  decidedly 
affected  by  the  after-shocks  of  a  certain  large  earthquake,  I  excluded 
them  together  with  those  eai-thquakes  which  occmTed  within  a  complete 
synodic  month  after  that  earthquake.  For  this  reason,  the  observa- 
tions at  Nemui-o,  Gifu,  Nagoya,  etc.,  which  have  been  taken  into 
consideration  were  considembly  reduced  iu  number.  The  exclusions 
ai-e  given  in  Table  III,  which  l)esides  gives  the  observations  at  the 
22  Meteorological  Stations.     My  examination  relates  also  to  the  obser- 


1.    See  Dr.  Oinori:     PublicatioDs  of  the  Imp.  Earthquake  Inv.  Comm.   in   Foreign 
Luugiiuges,  No.  8. 
*2.    Loc.  cit. 
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vations  at  8  other  stations,  but,  the  materials  in  these  cases  liaving  been 
very  scanty,  a  definite  i-esult  could  not  be  obtained. 

11.  Tables  IV-XXV  are  constiaicted  in  the  same  way  as  Tables 
I-U,  the  "sum"  or  the  ** seismic  number"  being  used  in  the  same 
meaning  as  the  **  sum  without  weight  "  in  the  first  two  tublas. 

TABLE    m. 

EARTHQUAKE  OBSERVAITON  AT  THE  22 
METEOROLOGICAL  STATIONS. 


Meteorological 
Station. 


Tokyo. 

Kemnra 
Nagoya. 
Gitn. 
IshiDomaki. 

Fuknahima. 

OUAkA. 

Mito. 
Faknoka. 
Oita. 
Miyako. 

Armor*. 


Hakodftto. 

Akita. 

rtsnnomiya. 

Maebaahi. 

Yamakata. 

Niigata. 

Nagano. 

Hikone. 

Wakayama. 
Kagoahima. 


Date  of  com- 

menoement  of 

earthquake 

obFervations 

taken  ioto 

acoonnt. 


Jan. 


Jan. 


1876 


March  1834 

Jan.  1894 

Jar.  ia94 

Jan.  1H8<» 

May  1880 

July  1882 

Jan.  1900 

Aug.  1898 

Jan.  1887 

March  188.3 


18S2 


Jan.  1873 

Jan.  1883 

Feb.  1801 

Dec.  18')r. 

Dec.  1880 

April  1880 

Jan.  1880 

Jan.  1804 

Sept.  1879 

March  1885 


Time  interval 

between  Dec. 

1902  and  the 

date  in  the 

former  colnmn. 


years. 

27 

8 

9 

9 

17 

13 

20 

3 

4 

ir, 

10 
21 


30 
20 

11 
n 

13 

1« 

14 
9 

23 
17 


montlifl. 

0 

0 
0 
0 
(' 

8 
(*> 
0 


10 


0 
0 

11 

1 
1 

0 
0 
0 

4 
10 


Date  after  which 

obBervations  are 

exc'.nded  for  a 

complete  month. 


fOct.  28,  1891; 

(Jone  15,  1890. 

March  22,   1894. 

.Ian.  10,    18i>4. 

Jan.  10.  1894. 


Aug. 
Oct. 


9,  1901. 
28,   1801. 


(Ang.  12,  1898; 
]Feb.  20.  1900; 
'  April 


VM). 


^Mnrch  22,   1894; 

Oct.        22,   1894; 

20,    1890; 

15,   1890; 

31,    18J)0; 

9,    19(K). 


April 
Jnne 
Ang. 
Ang. 


Ang.      31,   18.).';. 


Ang.      31,   1890. 


Jan.       10,   1894. 


No.  of  earth- 
quake observa- 
tionR  taken 
into  account. 


2464 

755 

799 

938 

1307 

470 
203 
557 

410 

243 

923 


031 


300 
4(0 
077 

270 
235 
228 
418 
289 

472 
527 


Total  number  of  earthquake  ol)serviit:on8=  13078. 
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A.   IMAMVRA  :      8YN0DIC-M0NTHLT 


TABLE    IV. 

SYNODIC-DAIIA'  DISTRIBX7TI0N  OF  EARTHQUAKES 

OliSEllVEI*  AT  TOKYO. 

(Jftu.  1876— Dec.  1902.) 


liny. 

Slif^ht. 

Weak. 

Strong. 

Snoii 

B«4lno«(l. 

1 

78 

a 

0 

HI 

0,07 

9 

m 

10 

0 

7« 

VM 

3 

mi 

n 

0 

£>G 

lAti 

-     4 

7ft 

7 

0 

77 

Oi>2 

5 

m 

4 

1 

74 

dm 

R 

m 

7 

0 

on 

1.14 

7 

wi 

n 

1 

«7 

1.04 

R 

7« 

1 

\i 

77 

iKm 

£) 

83 

7 

a 

itl 

1,10 

ir> 

75 

^ 

II 

77 

11.02 

n 

82 

7 

0 

«J 

i,nn 

VI 

aa 

5 

1 

71 

0.85 

13 

7i» 

B 

u 

75 

UM 

14 

rta 

« 

0 

as 

(KHl 

IG 

m 

fl 

a 

m 

VM 

Ifi 

7f^ 

13 

n 

Rl 

n.B7 

17 

84 

a 

2 

DSI 

1.10 

IH 

70 

n 

a 

mt 

ijvr 

in 

fii 

7 

a 

m 

Ul 

m 

75 

H 

1 

7!» 

mn 

21 

74 

7 

% 

ai 

nm 

22 

8fS 

H 

1 

95 

M3 

23 

88 

7 

a 

I*& 

Li;t 

24 

81 

!» 

n 

no 

1.U7 

23 

ni 

1 

1 

on 

0.82 

20 

73 

r, 

1 

80 

0.05 

27 

(J7 

3 

1 

71 

0.85 

28 

74 

11 

0 

85 

1.01 

2y 

98 

5 

0 

08 

1.17 

30 

54 

3 

u 

57 

1.30 

Sum. 

22r,r, 

170 

10 

2404 

- 

VABIATIOM   OF  SEISMIC  FllKQUEXOX    IK   JAPAN*. 


40 


TABLE    V. 

SYNODIC-DAILY  DISTRIBUTION  OF  EAHTHQUAKES 

OBSERVED  AT  NEilURO. 

(March  1894— Dec.  1902.) 


Synodic 
.lay. 

SUght. 

Weak. 

Strong. 

Slim. 

R^flnced. 

1 

23 

5 

0 

2S 

1.10 

2 

25 

r. 

0 

31 

1.22 

:i 

ir, 

4 

II 

20 

0.70 

4 

31 

2 

0 

33 

l.:,0 

5 

17 

4 

0 

21 

0.83 

(> 

30 

3 

0 

33 

1.30 

7 

22 

5 

0 

'27 

1.00 

K 

21 

1 

0 

22 

\».KI'. 

U 

:« 

I 

0 

34 

1.30 

10 

21 

4 

0 

25 

0.08 

U 

27 

2 

0 

29 

1.1  i 

12 

20 

0 

1 

2L 

OM 

l:i 

20 

2 

0 

22 

(».80 

14 

20 

(» 

I 

21 

0.8:^ 

15 

IS 

3 

n 

21 

0.83 

in 

22 

2 

0 

2t 

0.9 1 

17 

15 

0 

(» 

15 

0.50 

IK 

33 

c 

0 

3!) 

1.53 

11) 

25 

4 

0 

20 

1.14 

2U 

22 

3 

0 

25 

0.08 

21 

IS 

3 

0 

21 

o.s:^ 

22 

20 

3 

0 

20 

1.14 

2:^ 

17 

1 

0 

IS 

0.71 

24 

25 

1 

0 

20 

1.02 

25 

24 

0 

<• 

:ii) 

1.18 

20 

IS 

1 

0 

10 

0.75 

27 

20 

3 

0 

20 

1.14 

28 

23 

2 

0 

25 

0.08 

29 

21 

S 

n 

20 

1.14 

^i 

7 

2 

0 

0 

0.07 

Stim. 

0(iG 

S7 

2 

755 

-- 
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SYNOniO-MONTHLY 


TABLE    VI. 

SYNODIC-DAILY  DISTRIBUTION  OF  EARTHQUAKES 

OBSERVED  AT  NAGOYA. 

(Jan.  1894— Dec.  1902.) 


Slight. 

Weak, 

Simng. 

Btun. 

Rediujacl. 

1 

17 

1 

0 

18 

Q.m 

S 

^ 

n 

l» 

2:1 

om 

.1 

22 

1 

1) 

23 

0.88 

1 

2R 

a 

(1 

ai 

1J» 

(i 

M 

1          1 

0 

22 

nm 

11 

» 

1 

0 

27 

1.03 

7 

JO 

1 

u 

17 

(».n:> 

M 

2^ 

a 

u 

25 

o.im 

fJ 

25 

2 

1( 

27 

l.fJ3 

w 

11) 

II 

n 

l!l 

(L73 

n 

m 

0 

0 

m 

1.3ft 

ri 

31 

1 

it 

y3 

IM 

]:i 

20 

1 

0 

SI 

0.80 

14 

25 

3 

0 

28 

1.07 

15 

26 

4 

n 

*> 

1J& 

v\ 

27 

a 

i> 

27 

1.03 

n 

arj 

2 

II 

U2 

0.84 

IH 

2;i 

1 

0 

24 

0.92 

VJ 

2:* 

ti 

1 

24 

0.02 

211 

2T 

II 

ij 

27 

im 

21 

38 

1 

0 

39 

1.49 

22 

18 

2 

0 

20 

0.70 

2:{ 

14 

2 

n 

10 

0.01 

24 

:m) 

3 

0 

33 

1.20 

25 

20 

0 

•   (» 

20 

1.11 

20 

44 

2 

0 

40 

1.70 

27 

M 

2 

0 

33 

1.20 

28 

21 

0 

n 

21 

0.80 

2.) 

28 

2 

(1 

30 

1.15 

:«» 

8 

0 

0 

« 

0.57 

Sum. 

•      740 

38 

1 

770 

— 
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TABLE    Vn. 

SYNODIC-DAILY  DISTRIBUTION  OF  EARTHQUAKES 
OBSERVED  AT  GIFU. 
(Jan.  1894— Dec.  1902.) 


Synodic 
day. 

Eqke 
Bound. 

{flight. 

Weak. 

Strong. 

Snm. 

Beduosd. 

1 

I      ! 

22        1 

3 

0 

20 

0.82 

2 

1 

23 

2 

0 

20 

0.82 

3 

1 

34 

2 

1 

41 

1.29 

4 

0 

\M) 

2 

1 

33 

1.04 

' 

0 

36 

5 

1 

42 

1.33 

0 

1 

31 

2 

0 

34 

1.07 

7 

1 

3<> 

() 

0 

37 

1.17 

8 

0 

24 

4 

0 

28 

0.88 

y 

0 

34 

2 

0 

30 

1.14 

10 

1 

25 

1 

0 

27 

0.85 

11 

4 

28 

3 

0 

35 

1.10 

12 

1 

30 

3 

0 

34 

1.07 

13 

4 

16 

r. 

0 

20 

0.82 

14 

3 

30 

3 

1 

43 

1.3<5 

15 

0 

23 

2 

0 

25 

0.79 

16 

1 

27 

3 

0 

31 

0.98 

17 

(1 

23 

4 

0 

27 

0.85 

18 

1 

31 

1 

0 

3;j 

1.04 

19 

3 

27 

1 

0 

31 

0.98 

20 

1 

31 

0 

0 

32 

1.01 

21 

4 

20 

3 

0 

27 

0.85 

22 

(1 

22 

0 

0 

•22 

0.69 

23 

2 

25 

1 

0 

28 

0.88 

24 

1 

32 

4 

i             0 

37 

1.17 

25 

3 

2J 

1 

0 

30 

\).n 

28 

3 

30 

3 

0 

30 

1.14 

27 

2 

31 

1 

<» 

34 

1.07 

28 

1 

23 

0 

0 

24 

0.76 

2!l 

0 

35 

2 

0 

37 

1.17 

30 

1 

14 

1 

0 

30 

0.95 

Snm. 

44 

825 

05 

'            4 

938 
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A.  imamuiia:    synodic-monthly 


TABLE    Vm. 

SYNODIC-DAILY  DISTRIBUnON  OF  EARTHQUAKES 

OBSERVED  AT  ISHINOMAKL 

(Jan.  1886— Dec.  1902.) 


ISyDodic 
tluy. 

Intensity  not 
8tated. 

Slight. 

Weak. 

Stroog. 

Slim. 

IWdoceil. 

1 

13 

:jo 

2 

0 

45 

1.G2 

2 

7 

24 

2 

2 

35 

0.7l> 

3 

'J 

22 

4 

1 

m 

0.82 

4 

11 

31 

1 

1 

44 

1.U) 

5 

7 

34 

4 

0 

45 

1.02 

(> 

11 

\H 

Ty      . 

0 

31 

0.77 

7 

12 

35 

3 

1 

51 

l.ir. 

« 

y 

2i\ 

(> 

0 

41 

0.U3 

U 

10 

2(i 

1 

0 

37 

0.84 

10 

13 

41 

1 

1 

5(3 

1.27 

11 

7 

22 

H 

1 

38 

O.Wi 

12 

10 

35 

1 

0 

l(i 

1.04 

13 

11 

3L 

1 

0 

13 

0.98 

H 

14 

ID 

3 

1 

37 

0.84 

15 

23 

30 

7 

0 

GO 

1.30 

1(1 

J!) 

34 

1 

1 

55 

1.25 

17 

1« 

•^H 

5 

0 

51 

1.10 

IS 

H 

31> 

2 

2 

51 

1.10 

19 

13 

27 

2 

1 

43 

0.98 

20 

12 

22 

1 

0 

3^3 

0.79 

21 

12 

23 

4 

1 

40 

0.91 

22 

12 

24 

1 

3 

40 

0.91 

23 

k; 

2ii 

2 

0 

47 

1.07 

24 

15 

21) 

.3 

0 

47 

1.07 

25 

13 

42 

2 

0 

57 

1.29 

20 

15 

35 

5 

0 

55 

1.25 

27 

12 

24 

0 

2 

3S 

0.80 

2H 

14 

25 

3 

0 

42 

0.95 

20 

13 

24 

4 

0 

41 

0.93 

30 

5 

11 

1 

0 

17 

0.73 

Sum. 

334 

840 

85 

18 

1307 

— 
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TABLE    IX. 

SYNODIC-DAILY  DISTRIBUTION  OF  EARTHQUAKES 
OBSERVED  AT  FUKUSHIMA. 

(May.  1889— Dec.  1902.) 


Syncxlic 
ilay. 

Slight. 

Weak. 

StroDg. 

Sum. 

Uedacecl. 

1 

18 

0 

0 

18 

1.13 

2 

14 

0 

0 

14 

0.88 

3 

14 

1         1 

0 

15 

(».94 

4 

15 

1 

0 

10 

100 

5 

lU 

2 

0 

12 

0.75 

Ti 

12 

0 

0 

12 

0.75 

7 

18 

0 

0 

18 

1.13 

H 

k; 

0 

0 

10 

1.00 

U 

13 

0 

0 

13 

0.81 

10 

22 

0 

u 

22 

1.37 

11 

11 

1 

(1 

12 

0.75 

12 

18 

1                2 

0 

20 

1.25 

13 

23 

1               (» 

0 

23 

1.44 

14 

21 

0 

0 

21 

1.31 

15 

19 

0 

0 

19 

1.19 

10 

15 

0 

0 

15 

0.94 

17 

10 

1 

0 

17 

1.06 

\H 

19 

0 

0 

IJ 

1.19 

19 

13 

0 

0 

13 

0.81 

2() 

10 

0 

0 

10 

o.o:) 

21 

17 

0 

1 

18 

1.13 

22 

13 

1 

0 

14 

0.88 

23 

17 

0 

0 

17 

1.00 

24 

19 

2 

0 

21 

1.31 

25 

19 

0 

{) 

19 

1.19 

2G 

17 

0 

0 

17 

1.00 

27 

10 

1        " 

0 

10 

0.6:^ 

28 

14 

I               0 

11 

14 

0.88 

29 

10 

0 

0 

10 

1.00 

30 

5 

1       « 

« 

5 

0.56 

Snm. 

464 

i 

i    " 

1 

476 

— 
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A.   IMAMl'liA:      SYNODIC-MONTntY. 


TABLE    X. 

SYNODIC-DAILY  DISTRIBUTION  OF  EARTHQUAKES 

OBSERVED  AT  OSAKA. 

(July  1882 -Dec,  1902.) 


Synodic 
day. 

Slight. 

Weak. 

1 

StiODg. 

Sum. 

Bedaoed. 

1 

10 

2 

0 

12 

1.2 

2 

12 

1 

0 

13 

1.3 

3 

y 

0 

0 

» 

0.9 

i 

8 

1 

2 

11 

1.1 

5 

3 

1 

0 

4 

0.4 

(J 

8 

2 

0 

1(1 

1.0 

7 

10 

0 

0 

10 

1.0 

H 

8 

(1 

0 

8 

0.8 

11 

7 

0 

0 

7 

0.7 

10 

G 

0 

0 

G 

0.6 

11 

11 

1 

0 

10 

1.0 

V2 

1(1 

1 

0 

17 

1.7 

13 

8 

0 

0 

8 

0.8 

14 

7 

1 

0 

8 

0.8 

15 

G 

0 

0 

G 

O.G 

ir. 

4 

0 

0 

4 

0.4 

17 

11 

0 

0 

y 

0.9 

18 

(; 

0 

0 

G 

o.r; 

111 

7 

1 

0 

8 

0.8 

20 

14 

0 

0 

14 

1.4 

21 

7 

1 

0 

8 

0.8 

22 

8 

2 

0 

10 

1.0 

23 

G 

3 

1 

10 

1.0 

24 

15 

2 

0 

17 

1.7 

25 

7 

0 

0 

7 

0.7 

2(i 

15 

0 

2 

17 

1.7 

27 

y 

0 

0 

9 

0.9 

28 

IG 

1 

1 

18 

1.8 

21) 

8 

2 

0 

10 

1.0 

30 

5 

2 

0 

7 

1.3 

8nm. 

2G3 

24 

G 

293 

— 
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TABLE    XI. 

SYNODIC-DAILY  DISTRIBUTION  OF  EARTHQUAKES 
OBSERVED  AT  MITO. 
(Jan.  1900 -Dec.  1902.) 


Synodic 
liny. 

Klight. 

Weiik. 

StroDg. 

Slim. 

Tednoed. 

1 

22 

0 

0 

22 

1.10 

•2 

11 

1 

0 

12 

0.03 

:i 

20 

1 

0 

21 

1.11 

4 

10 

2 

0 

18 

0.95 

5 

13 

0 

' 

14 

0.74 

G 

22 

I) 

0 

22 

1.10 

7 

14 

4 

n 

18 

0.95 

8 

17 

0 

0 

17 

0.90 

» 

U 

0 

0 

i) 

0.48 

10 

15 

3 

0 

18 

O.I»5 

11 

22 

!     1 

2 

25 

1.32 

12 

10 

!          0 

0 

19 

1.01 

13 

2(i 

0 

0 

20 

1.37 

14 

23 

'               2 

1 

20 

1.37 

15 

17 

4 

0 

21 

1.11 

10 

10 

i 

0 

0 

18 

0.05 

17 

2i; 

2 

0 

28 

1.48 

18 

27 

2 

0 

29 

153 

19 

11 

1 

0 

12 

0.03 

20 

I) 

1 

0 

10 

0.53 

21 

8 

2 

0 

10 

0.53 

22 

20 

1 

0 

21 

1.11 

2:i 

14 

n 

0 

11 

0.74 

24 

18 

4 

0 

22 

1.10 

25 

It 

2 

0 

15 

0.79 

20 

24 

4 

1 

29 

1.53 

27 

14 

(1 

0 

14 

0.74 

28 

15 

1 

0 

10 

0.85 

2t) 

2ii 

u 

1 

21 

1.11 

30 

1(. 

0 

0 

10 

1.01 

Sum. 

511 

40 

=' 

557 

— 
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A .   1  MAMCnA  :      SYNODIC-MONTHLY 


TABLE    XII. 

SYNODIC-DAILY  DISTRIBUTION  OF  EARTHQUAKES 

OBSERVED  AT  FUKUOKA. 

(Aug,  1898— Dec.  1902.) 


Synodic 
cUy. 

Slight. 

Weak. 

Strong. 

nnfelt. 

Sam 
(nnfelt 

Kednoed. 

exdnded). 

1 

13 

0 

0 

0 

13 

0.93 

2 

12 

0 

0 

0 

12 

1.80 

3 

14 

0 

0 

0 

14 

1.00 

4 

2() 

0 

0 

0 

20 

1.43 

5 

17 

0 

0 

0 

17 

1.21 

r, 

10 

0 

0 

0 

10 

0.71 

7 

11 

0 

0 

0 

11 

0.70 

H 

8 

0 

0 

4 

8 

0.57 

1) 

11 

0 

0 

0 

11 

0.70 

10 

12 

0 

0 

i 

12 

o.8r; 

11 

l(i 

0 

0 

14 

10 

1.07 

12 

13 

0 

0 

2 

13 

0.03 

13 

1(» 

1 

0 

2 

11 

0.70 

14 

12 

(1 

n 

U 

12 

0.80 

15 

15 

0 

0 

4 

15 

1.07 

1(? 

10 

0 

(» 

1 

10 

l.U 

17 

13 

n 

(» 

4 

13 

0.93 

18 

22 

0 

0 

11 

22 

1.57 

11) 

17 

0 

0 

11 

17 

1.21 

2t) 

10 

0 

0 

0 

10 

1.14 

21 

12 

1 

0 

0 

13 

0.03 

22 

17 

0 

0 

0 

17 

1.21 

23 

10 

2 

2 

0 

20 

1.43 

24 

10 

0 

0 

0 

10 

1.14 

25 

7 

i 

0 

1 

0 

8 

0.57 

20 

1         n 

0 

0 

0 

11 

0.70 

27 

10 

0 

0 

0 

10 

1.14 

28 

i         1^ 

0 

0 

2 

11 

0.70 

29 

1          1' 

0 

0 

0 

i) 

0.04 

3(1 

i(» 

0 

0 

II 

10 

1.30 

Snm. 

403 

4 

3 

08 

410 

— 
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TABLE  Xni. 

SYNODIC-MONTHLY  DISTRIBUHON  OF  EARTHQUAKES 
OBSERVED  AT  OITA. 

(Jnu.  1887— Dec.  1902.) 


Synodic  day. 

Slight. 

Weak. 

1       Strong. 

Sum. 

Rednced. 

1 

7 

3 

i 

i        1 

11 

1.34 

2 

t"> 

1 

0 

10 

1.95 

3 

8 

2 

i               0 

10 

1.22 

4         1 

5 

1 

1 

7 

0.85 

5         1 

i 

7 

0 

0 

7 

0.85 

r. 

4 

2 

0 

0 

0.73 

7 

H 

fi 

0 

14 

1.71 

K 

5 

2 

0 

7 

0.85 

J) 

G 

1 

() 

7 

0.85 

10 

10 

2 

0 

1 

12 

1.40 

11 

9 

3 

0 

12 

1.40 

12 

3 

2 

0 

5 

0.01 

i:{ 

7 

3 

0 

10 

1.22 

U 

0 

0 

n 

0 

0.73 

15 

5 

1 

0 

(\ 

0.73 

Ifi       1 

0 

1 

0 

7 

0.85 

17        1 

2 

3 

0 

5 

O.Gl 

IH 

K 

3 

0 

11 

1.34 

19 

5 

0 

0 

5 

0.01 

2f) 

1 

0 

0 

1 

0.12 

21 

7 

4 

0 

11 

1.34 

22 

4 

1 

0 

5 

0.01 

2:i 

7 

2 

1 

10 

1.22 

•24 

5 

2 

0 

7 

0.85 

25 

5 

3 

1 

9 

1.10 

20 

7 

0 

7 

0.85 

27 

4 

0 

5 

0.01 

2K 

< 

0 

10 

1.22 

29 

9 

0 

11 

1.34 

30 

3 

0 

3 

0.7  J 

Snm. 

185 

54 

4 

243 

—  ■ 
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A.  imamura:    synodic-monthly 


TABLE  XIV. 

SYNODIC-MONTHLY  DISTRIBUTION  OF  EARTHQUAKES 

OBSERVED  AT  MIYAKO. 

(March  1883— Dec.  1902.) 


Synoilic    Seismic    T>^„oe.i  J  Synodic  i  Seismic     T>^«oecl 
clay.      number.    A^"<5«*»-  ■    day.     |  number.    ««*l^oe«»- 


r, 

7 

8 

9 

10 


28 
27 

20 
29 


33 
47 
49 
27 
44 


0.89 
0.8S 
1.08 
0.92 
0.92 


1.05 
1.50 
IM 
OM 
1.40 


11 
12 
13 
14 
15 


10 
17 
18 
19 
20 


29 
24 
20, 
25 
23 


31 
30 
40 
21 
17 


0.92 
0.7C 
0.83 
0.80 
0.73 


0.99 
0.95 
1.27 
0.G7 
0.54 


Synodic 
day. 


21 
22 
23 
24 
25 


26 
27 
28 
29 
30 


Seismic 
number. 


Bednced. 


18 
36 
43 
32 
38 


39 
19 
27 
37 
21 


0.57 
1.14 
1.37 
1.02 
1.21 


1.24 
0.60 

o.8i; 

1.1S 
1.24 


Total  seismic  number  =  923. 


TABLE  zv. 

SYNODIC-MONTHLY  DISTRIBUTION  OF  EARTHQUAKIiS 

OBSI5R\T3D  AT  AOMORI. 

(Jan.  1882-Dec.  1902.) 


;^=    «-'-«'■   "'^af"  I  n^Zb^r.    Bclnce^l.  fg°  |  ^^j^f °    Be.l.oed. 


Synodic 
day. 


1 

20 

0.92 

>   11 

24 

1.10 

21 

23 

1.06 

2  i 

23 

1.06 

'   12 

20 

0.92    i 

22 

21 

0.97 

3 

18 

0.83 

13   , 

18 

0.83 

23 

19 

0.87 

4 

21 

0.97 

'   u 

21 

0.97 

24 

11 

0.51 

5   ' 

23 

1.06 

15 

27 

1.24    i 

.1 

25 

18 

0.83 

G 

28 

1.29 

16   1 

21 

0.97 

26 

20 

0.92 

7 

22 

101 

17 

23 

1.04 

27 

20 

0.92 

8 

27 

1.24 

18 

23 

104 

28 

18 

0.83 

9 

20 

0.92 

19 

20 

0.92 

29 

21 

0.97 

H) 

15 

O.O'.I 

20   , 

24 

l.IO 

30 

22 

1.89 

Total  seismic  nnml)or=631. 
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TABLE  XVI. 

SYNODIOMONTHLY  DISTRIBUTION  OF  EARTHCJUAKES 

OBSERVED  AT  HAKODATE, 

(Jan.  1873 -Dec.  1902.) 


Synodic 
day. 


Seismio 
nnmber. 


Beduced. 


6 
7 
8 
U 
10 


12 
7 
12 
12 
15 


20 

8 

14 

13 

y 


0.97 
0.56 
0.97 
0.97 
1.21 


1.61 
0.65 
1.13 
1.05 
0.73 


Synodic 
day. 


11 
12 
13 
14 
15 


16 
17 
18 
19 
20 


n'^Sir.   ^^-^--^-iiX'^'n^^    ^^^^^ 


16 

9 

16 

13 

7 


16 
12 
10 
10 
13 


1.29 
0.73 
1.29 
105 
0.56 


1.29 
0.97 
0.81 
0.81 
1.05 


21 

16 

1.29 

22 

12 

0.97 

23 

8 

0.65 

24 

6 

0.48 

25 

19 

1.53 

26 

10 

0.81. 

27 

10 

0.81 

28 

18 

1.45 

29 

;jo 


16 

7 


1.29 
1.05 


Total  seiHmic  number  =  366. 


TABLE  xvn. 

SYNODIC-MONTHLY  DISTRIBUTION  OF  EARTHQUAKES 

OBSERVED  AT  AKITA. 

(Jan.  1883— Dec.  1902.) 


Synodic:  SeiBmic     t>.,i„^i  I  Synodic 
day.     I  number.    i*^"°««'- 1|    day. 


n'^ber.    H^'"-'- fe' " 


Seismic 
nnmber. 


Reduced. 


1 

(> 

0.43 

'   11 

9 

0.66 

21 

12 

0.88 

2 

15 

1.10 

1   12 

10 

0.73 

22 

16 

1.17 

3 

18 

1.32 

'   13 

10 

<».73 

23 

21 

1.54 

4 

15 

1.10 

14 

10 

0.73 

24 

IH 

1.32 

5 

15 

1.10 

,:   ^5 

15 

1.10 

25 

13 

0.96 

t\ 

20 

1.47 

16 

16 

1.17 

26 

16 

1.17 

1 

19 

1.40 

17 

14 

1.03 

27 

13 

0.96 

8 

16 

1.17 

18 

18 

1.32 

1   28 

6 

0.43 

U 

3 

0.22 

19 

10 

0.73 

'   29 

18 

1.32 

10 

12 

0.88 

20 

8 

0.59 

30 

8 

1.10 

Total  seismic  number =400. 
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A.   IMAMCIU:      SYNODIC-MONTHLY 


TABLE  XVm. 

SYNODIC-MONTHLY  DISTRIBUTION  OF  EAKTHQUAKES 

OBSERVED  AT  UTSUNOMIYA. 

(Feb.  1891— Dec.  1902.) 


Synodic 
day. 

Seismic 
number. 

Reduced. 

Synodic 
day. 

Seisniic 
number. 

Re<luoed. 

Synodic 
day. 

Seismic 
number. 

19 

Kcduced. 

1 

10 

0.43 

11 

27 

1.17 

21 

0.83 

2 

17 

0.74 

12 

2<J 

1.2.; 

22 

18 

0.78 

;i 

24 

1.04 

13 

25 

1.0!) 

23 

30 

1.30 

4 

22 

0.1K> 

14 

15 

0.65 

24 

32 

1.39 

5 

26 

1.13 

15 

22 

0.y(J 

25 

23 

1.00 

6 

22 

O.OG 

! 
1 

'       16 

18 

0.78 

26 

33 

1.44 

7 

lib 

1.52 

17 

21 

0.91 

27 

23 

1.00 

K 

15 

(m;5 

18 

24 

1.04 

28 

24 

1.04 

U 

U 

0.61 

19 

22 

o.!m; 

2ti 

31 

1.35 

10 

24 

1.04 

'       20 

18 

0.78 

30 

14 

1.13 

Total  seismic  number =677. 


TABLE  XIX. 


SYNODIC-MONTHLY  DISTRIBUTION  OF  liARTHQUAKES 

OBSERVED  AT  MAEBASHI. 

(Dec.  1896— Dec.  1902.) 


Synodic  I  SeiBinio     t,^,,„^  I  Synodic 
liny.     I  number,    ""•"c*"-      day. 


SeiBinic     i>,j„_„i     Synodic    Seismic     r.   i       i 
numJ.er.    J^«=«'l-      day.     I  number.    ^^'^<^^- 


1 

7 

o.7r. 

1 
11 

13 

1.41 

i:   21 

5 

0.54 

2 

H 

0.87 

12 

H 

0.87 

22 

8 

0.87 

3 

8 

0.87 

13 

13 

1.41 

23 

12 

i.;k) 

4 

•) 

(».98 

14 

10 

1.09 

i       '-^'i 

13 

1.41 

5 

6 

(M>5 

15 

1 

11 

1.20 

25 

11 

1.20 

6 

10 

1.09 

16 

5 

0.54 

26 

11 

1.20 

7 

12 

1.30 

'       17 

13 

1.41 

27 

10 

1.09 

s 

4 

0.43 

18 

13 

1.41 

1       28 

6 

0.65 

9 

5 

0.54 

19 

11 

1.20 

29 

8 

0.87 

10 

4 

0.43 

20       j 

9 

0.98 

30 

7 

1.41 

Total  seismic  number =270. 
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TABLE  XX. 

SYNODlC-MON'mLY  DISTRIBUTION  OF  EARTHQUAKES 
OBSERVED  AT  YAMAGATA. 

(Dec.  188J)— Dec.  190'2,) 


Synodic 
day. 

Seismic 
nnmber. 

Kcilnced. 

Synotlic 
<lay. 

SeiKDlic 

number. 

Ftednced. 

Synodic 
day. 

SeiHmic 
number. 

It  educed. 

1 

11 

1.39 

11 

7 

0.89 

21 

10 

1.27 

•2 

y 

1.11 

12 

7 

0.8!» 

22 

(> 

0.70 

;j 

8 

l.<il 

13 

8 

1.01 

23 

13 

1.05 

4 

5 

U.(;3 

11 

7 

0.89 

24 

7 

0.89 

5 

i:i 

1.05 

15 

10 

1.27 

25 

8 

1.01 

0 

7 

0.89 

10 

, 

0.8f» 

1 

2«*. 

11 

1.39 

7 

17 

2.15 

17 

7 

0.«9 

27 

0 

0.70 

8 

5 

f.r.3 

18 

11 

1.3!l 

28 

5 

o.r>:i 

•J 

1 

051 

VJ 

;» 

1.14 

29 

8 

1.01 

10 

3 

0.38 

•20 

2 

0.25 

30 

1 

0.89 

Total  seismic  number  =  235. 


TABLE  XXL 

SYNODIC-MONTHLY  DISTRIBUTION  OF  E.VRTH(JUAK1':S 

OBSERVED  AT  NIIGATA. 

(April  1886— Dec,  1902.) 


SynocUc 
day. 

Seismic 
uuml^er. 

Kwlnced. 

Synodic 
day. 

Seismic 
number. 

deduced. 

Sycodic 
day. 

Seismic 
number. 

Kedncod. 

1 

2 

0.2(J 

11 

10 

1.:J0 

21 

7 

0.91 

2 

5 

0.0.'> 

12 

(> 

0.78 

22 

12 

1.50 

3 

10 

1.30 

13 

8 

1.04 

23 

11 

1.82 

4 

2 

0.2<J 

11 

4 

0.52 

21 

8 

IM 

5 

5 

0.05 

15 

/ 

0.91 

25 

8 

1.0-4 

r> 

1 

0.52 

10 

1 

0.52 

20 

7 

iK'.n 

7 

7 

0.91 

17 

14 

1.82 

27 

2 

0.20 

8 

2 

(».20 

18 

21 

2.72 

28 

o 

o.2ri 

» 

9 

1.17 

19 

11 

1.43 

29 

14 

1.82 

10 

7 

0.91 

'2\) 

12 

1.5(> 

30 

4 

0.91 

Totd  seismic  number  =  228. 
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TABLE  XXn. 

SYNODIC-MONTHLY  DISTRIBUTION  OF  EARTHQUAKES 
OBSERVED  AT  NAGANO. 

(Jan.  1889 -Dec.  1902.) 


X'^ln'S^i?.    ^»«^- 


Synodic 
day. 


^*^"?'<'     Reduced,  ^y""™"^"'"     Bedaoed. 
nnrobar.    ■'"'"''^'»''  j    jay.     I  number.    ■"«""<«• 


1 

10 

1.10 

11 

7 

(\48 

j  21  ; 

13 

0.90 

2 

22 

1.62 

12 

11 

0.76 

'      22 

15 

1.03 

3 

12 

0.83 

13 

11 

0.7(i 

23 

9 

0.62 

4 

13 

OSH) 

14 

5 

0.35 

24 

H> 

1.10 

5 

21 

1.45 

15 

14 

0.97 

'i            1 

17 

1.17 

6 

17 

1.17    ; 

16 

17 

1.17 

i 

26 

16 

1.10 

7 

18 

1.24 

17 

15 

1.03 

27 

16 

LIO 

8 

{) 

0.62 

18 

25 

1.73 

28 

11 

0.76 

y 

12 

0.83 

19 

2t) 

1.38 

29       ! 

14 

0.97 

10 

G 

0.41 

20 

11 

0.76 

30      1 

9 

1.17 

Total  seismic  iiamber=418. 


TABLE  xxin. 

SYNODIC-MONTHLY  DISTRIBUTION  OF  EARTHQUAKES 

OBSERVED  AT  HIKONE. 

(Jan.  1894— Dec.  1902.) 


Synotlic 
titty. 

SefBmic 
camber. 

lleduced. 

!  Synodic 
'     day. 

11 

SeiHinic 
number. 

1 
Reduced. 

Synodic 
tlay. 

Seismic 
number. 

Bednced. 

1 

8 

0.82 

12 

1.22 

21 

10 

1.02 

2 

11 

1.12 

12 

12 

1.22 

22 

10 

102 

3 

9 

0.92 

13 

7 

0.71 

23 

n 

1.12 

I 

8 

0.82 

14 

15 

J. 53 

24 

8 

0.82 

5 

5 

0.51 

15 

12 

1.22 

V5 

9 

0.92 

Ci 

10 

1.02 

IG 

7 

0.71 

26 

11 

1.12 

7 

11 

1.12 

17 

9 

0.92 

27 

10 

1.02 

8 

IJ 

1.22 

18 

11 

1.12 

28 

7 

0.71 

11 

11 

1.12 

19 

10 

1.02 

29 

14 

IM 

10 

G 

O.Gl 

20 

7 

0.71 

30 

^ 

1.12 

Totul  seismic  number  =  289. 
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TABEEZXIV. 

SYNODIC-MONTHLY  DISTRIBUTION  OF  EARTHQUAKES 
OBSERVED  AT  WAKAYAMA. 

(Sept.  1870—1902.) 


Synodic, 
.lay. 

SeiRmic 
immber. 

lied  need. 

,  Syntxlic 
liny. 

SeiHmic 
number. 

Reduced. 

Syuodic 
day. 

Si^ismic 
number. 

Kednoed. 

1 

15 

0.94 

11 

12 

0.75 

21 

17 

LOT. 

2 

13 

0.81 

12 

12 

0.75 

22 

14 

0.87 

a 

10 

1.10 

13 

12 

0.75 

23 

12 

0.75 

4 

•21 

1.31 

14 

18 

1.12 

24 

21 

1.31 

5 

IG 

1.00 

15 

17 

1.0« 

25 

20 

1.25 

r. 

Ifi 

1.00 

10 

10 

o.r,2 

2r, 

23 

1.44 

7 

15 

0.94 

17 

7 

0.44 

27 

20 

1.25 

8 

14 

0.87 

18 

8 

0.50 

28 

•i5 

i.5r. 

9 

17 

1.06 

19 

15 

0.94 

29 

20 

1.25 

10 

18 

1.13 

20 

17 

i.(k; 

:\o 

8 

0.94 

Total  HeiRmio  number =472. 


TABLE  XXV. 

SYNODIC-MONIHLY  DISTRIBUTION  OF  EARTHQUAKES 

OBSERVED  AT  KAGOSHIMA. 

(Mftrch  188.';-Dec.  1903.) 


Synodic 
day. 

SeiBmio 
number. 

K  educed. 

Synodic 
day. 

SeiHmic 
number. 

Reduced. 

1  Synodic 
1     *lay. 

Seismic 
numl)er. 

Reduced. 

1 

17 

0.96 

11 

30 

1.69 

21 

15 

0.84 

2 

16 

0.9<i 

12 

12 

0.67 

!      22 

9 

0.51 

3 

19 

1.07        ! 

15 

27 

1.52 

,      '23 

11 

o.r.2 

4 

19 

1.07 

14 

24 

1.35 

24 

16 

0.<N) 

5 

29 

l.(» 

15 

26 

1.46 

25 

16 

O.tM) 

r. 

10 

0.56 

16 

20 

1.13 

!      26 

11 

0.62 

7 

8 

0.45 

17 

21 

1.18 

27 

23 

1.2t> 

8 

23 

1.29 

18 

21 

1.18 

28 

10 

o.5<; 

!) 

15 

0.84 

10 

22 

124 

29 

22 

1.24 

10 

16 

0.90 

20 

12 

0.67 

30 

7 

0.73 

Totiil  seinmic  number  =  527. 
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12.  Drawing  tlio  fi-oqiieucy  curves  (figs.  3-24)  in  the  way  al- 
ready explained,  we  notice  fii-stly,  that  in  most  cases  there  occur  two 
distin(;t  pail's  of  maxima,  one  about  the  times  of  the  conjunction  and 
op|)osition  of  the  sim  and  moon,  and  the  other  at  inteiinediate  times ; 
and  socondl}',  that  the  fii*st  paii-s  of  maxima  is  pixinoimced  at  cei-tain 
statioiLs,  and  the  second  ])air  at  some  other  stations,  while  at  the  re- 
maining stations  the  two  pairs  develop  equally  well.  The  relation 
expressed  in  the  second  statement  may  possibly  he  due  to  the  fact  that 
the  obseiTed  earthquakes  wei-e  mostly  of  inland  origin,  or  of  sub- 
marine, or  of  both  origins.  With  this  view,  I  have  grouped  the  dif- 
ferent stations  into  three  sets  (A),  (B),  and  (C),  according  as  their 
observati(nis  related  mostly  to  inland  eaiihquakes,  l)oth  inland  and 
submarine,  and  submarine  respectively.  Table  XXVI  shows  this  ar- 
rangement and  gi-ouping ;  the  frequency  curves  at  tlie  diffei-ent  stations 
luive  filso  l)een  an^anged  in  the  same  order.  The  numliers  in  the 
right  hand  columns  of  the  table  Jire  the  days  at  which  the  frequency 
curve  reaches  their  maximum  height,  days  i-ohiting  to  moi'o  pronounced 
being  printed  with  fat  lettei's. 
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TABLE    XZVI. 


Group. 

Meteorological 
HtalioDB. 

Day  of  Maximnm  SeiBinic  Number. 

Nagoya. 

2 

18 

r, 

2f. 

Fnknokft. 

30 

18 

4 

23 

A 

Niigfttft. 

30 

18 

11 

23 

Tokyo. 

30 

18 

7 

23 

KngORliimn. 

29 

14 

4 

— 

(lifn. 

21) 

14 



25 

Osaka. 

28 

12 

~ 

— 

Nngoya. 

1 

15 

11 

21,25 

}i 

Wakayama. 

28 

14 

4 

20 

Aomori. 

30 

15 

7 

20 

Oita. 

2 

IS 

9 

24 

Hikone. 

29 

14 

R 

— 

Mae\>aflbi. 

30 

15 

7 

24 

Mito. 

:WJ 

14 

«; 

26 

Hakodate. 

28 

— 

6 

•21 

Nemuro. 

— 

18 

9 

2fi 

Yamngnta. 

1 

15 

7 

23 

C 

FnkiiRhima. 

2 

13 

7 

24 

Ishinomaki. 

1 

16 

10 

25 

Utfliinomiya. 

29 

12 

6 

24 

Akita. 

'M) 

17 

8 

23 

Miyako. 

:v) 

17 

8 

24 

Average. 

:m\ 

15 

7 

23 

13.  Ijet  us  now  compare  the  fre((ueiicy  curvos  in  tlie  two  extreme 
caflftft,  namely,  those  of  Nagano  and  Miyako.  The  former  station 
which  is  situated  in  tlie  liigh  hind  of  8hinano,  ahont  180  km.  distant 
from  the  Pacific  coast  is  disturl)ed  mostly  hv  local  shocks,  earthquakes 
which  occuri'ed  in  the  Pacific  Imsin  having  l)een  registered  there  only 
when  the  disturbance  wns  very  strong  at  the  origin.  In  the  frequen(»y 
cniTe,  we  notice  one  distinct  pair  of  maxima  on  the  2nd  and  18th. 
The   seismic    numl)er   iu    each  of     tliese  days  is  alxmt  15  tinies  of  the 
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miiiimnm  and  l.G  times  of  the  daily  avei^age.  Another  pair  of  maxima 
(HruiTed  on  tlie  6th  and  i^fitli. 

14.  Miyako  is,  on  the  other  hand,  situated  on  the  Pacific  coast 
bordering  the  eai'thquake  rejijion  which  nins  parallel  to  the  coast  line 
at  a  distance  of  some  100  to  200  km.  from  it.  Eartlupiakes  which 
were  felt  at  Miyako  originated  mostly  in  this  tjouo,  with  a  few  exce^v 
tioiLS  of  shocks  which  occunvd  in  the  eastern  part  ot  Mntsn  province. 
The  frequency  curve  hns  a  pair  of  the  pi'onounced  maxima  on  the  8th 
and  24th,  the  seismic  numl>er  in  each  of  these  days  amounting  to  2 
times  or  more  of  the  minimum  and  1.5  times  of  the  daily  average. 
A  pair  of  minor  maxima  o(*curred  on  the  30th  and  17th. 

15.  Tims  we  see  that  the  days  of  maximum  seismic  numl>er  for  the 
two  stations  coincide  almost  with  each  other,  the  only  diflfei'ence  being 
tliat  the  days  of  pronounced  pair  in  one  station  is  replaced  by  those  of 
minor  pair  in  the  other.  The  state  of  things  is  very  similar  between 
the  fi'equency  curves  to  the  static ms  (A)  and  (C),.  though  the  difference  is 
not  so  distinctly  marked  as  in  the  two  typical  stations.  It  will  also 
1h3  seen  that  the  stations  in  the  giT)up  {B)  stand  l)etween  the  two 
other  gi'oups  so  far  as  the  above-mentioned  chai*acteristic  is  conceraed. 

16.  For  the  sake  of  comparison,  I  give  another  example  of  the 
distribution  of  submarine  eaHliquakes.  Amcmg  the  earthquakes  con- 
tained in  the  ]un*th(juake  Inv.  Comm.  Catalogue  there  are  28  lai^ 
ones  which  were  accompanied  by  destructive  sea-waves,  and  62  othei-s 
which  Avere  not  apparently  accompanied  by  sea- waves  but  which  may 
l)e  infeii-ed,  on  ac'count  of  the  disturl>ed  area,  to  have  originated  at 
sea  coast  places  or  under  the  sea.  lliese  two  soi'ts  of  earthquakes 
are  tabulated  as  follows  : — 
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TABLE  XXVn. 


1        Niuuber  of  eartbquakeK. 

Number  of  eartli(|uiikes. 

Synoaic 

With 

Wilhont  1 

Sum. 

Synotlic 
tlay. 

With 

clay. 

Without 

Men-waves. 
0 

Hea-wave8. 

1(» 

8eii-\vave8 

jSeu-wtives. 

1 

! 
2 

2 

2 

1 

T) 

2 

0 

2 

2 

17 

0 

0 

0 

:s 

0 

{) 

0 

IH 

0 

2 

.      2 

i 

2 

1 

.'{ 

ly 

I 

\\ 

4 

5 

1 

Ci 

7 

20 

0 

!           2 

2 

G 

0 

2         1 

2 

21 

I 

1 

3 

4 

7 

1 

C. 

7 

22 

2 

:< 

5 

8 

1 

0 

1 

23 

2 

(; 

N 

y 

0 

4         i 

4 

24 

1 

3 

4 

10 

0 

1 

1 

25 

:j 

3 

(> 

11 

0 

1 

1 

2G 

3 

3 

Ti 

12 

1 

1 

2 

27 

1 

0 

1 

13 

0          1 

0 

{) 

28 

1 

■           3 

4 

14 

2 

2 

4 

29 

0 

1 

1 

15 

1 

1 

2 

:30 

1       «"^- 

1 

2S 

i           ^ 

1 

i 

1 

1 

G2 

1 

Di) 

Fix>ni  tliis  table,  it  will  l)e  seen  that  tJie  greatest  iiuinljer  of  tlie  siib- 
inHriiie  eiii-tliqimkes  occuri-ed  al)oiit  the  23rcl,  and  the  next  j<ieatest 
about  the  7th  and  the  16th,  the  state  of  things  Iniing  very  siniihir  to 
tlie  fjict  i-emarked  in  connection  witli  the  observations  at  the  difterent 
Meteoi-ological  Stations. 


ll\     C/tHsrs  of  fhr  four  luiij-hun  hi 
flie  /Wqif4*Hrf/  viirreH. 

17,  Tlie  existence  of  two  maximum  seismic  numl)ers  at  the  times 
of  the  conjunction  and  o])po8iti(m  of  the  sun  and  moon,  being  due  to 
the  joint  effect  of  these  two  heavenly  bixlies,  does  not  require  fui-tlier 
discassion.  The  following  may  be  an  explanation  for  the  existence  of 
the  other  piir  at  the  7th  and  23itl. 

18.  Accoiding  to  J)r.  Omori,  the  barometric  pressure  hiis  niarked 
influence  uixjn  the  seismic  frequency  in  Japan  ;  the  curves  showing 
the  time  variations  of  the  two  quantities  being  similar  to  each  other. 
Now  the  barometric  pressure  which   reaches  in    its    diurnal    variation 
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its  nmxiniuin  at  Dli  and  2*Jli,  will  interfere  with  tlie  tidal  force  help- 
ing or  cancelling  the  latter  according  jus  high-water  or  low-water 
occui-s  at  these  times.  In  Tokyo,  the  synodic  days  cori^s|X)ndiug  to 
the  former  cise  are  the  7th  and  22nd,  the  days  corresponding  to  the 
latter  are  the  12th  and  27th.  Allowing  an  hour  or  two  for  time 
difference  of  ixicurrences  of  maximum  tidal  and  baix)metric  pi'essui^s 
at  other  localities,  the  days  6th- 9th  and  21st-24th  are  ernes  in 
which  the  resultant  of  the  two  influences  becomes  most  effective. 
Thus  we  may  look  for  the  maximum  seismic  numbers  alx)ut  the  7th 
and  22nd  which  corres|X)nd  roughly  to  the  actual  maxima  in  question.' 

Alth'ough  the  diurnal  variation  of  seismic  frequency  follows 
generally  that  of  bai"ometric  pressure,  yet  we  see  in  sevei*al  cjises  that 
the  former  variation  does  not  necessarily  follow  the  latter.  Thus  in 
th(»  ('urves  of  diiu'nal  variation  of  seismic  frequency  for  Nemiu'o  and 
Nngoya  we  notice  several  maxima  in  the  following  hours,  those  in 
the  lii-st  column  relating  to  the  more  pi*onounced  maxima. 
Nemuro. . .  .4.0-11.5  (a.m.).  5.0—7.0  (p.m,). 

Nagoya .  . .  .  1.5  (a.m.),  4.o  (a.m).  10.0  (p.m.). 

If  therc  are  causes  which  iniluence  the  seismic  occiUTenc^s  of 
these  regions  at  such  lioui-s,  they  will  interfere  with  the  tidjil  force 
and  will  give  rise  to  a  great  number  of  seismic  occurrences  at  the 
(lays  when  high-water  and  the  assumeil  causes  take  phice  at  the  Siiuie 
time.  These  days  are  found  in  crises  of  Nemiu*o  and  Nagoya  as 
follows  : — 

Nenmro . . .  .  1  10,  16-25.  3  6,  -17-20. 

Nagoya ....  10,25  ;  13,28.  7,21. 

On  comparing  these  days  with  the  days  of  actual  maximum 
seismic  number,  we  see  at  once  tliat  a  tolerably  lair  corres[x>ndence 
exists  between  tlie  two  as  it  is  indicated  in  figs.  18  and  10,  in  which 
the  days  f(nind  from  deduction  are  given  in  larger  lettei*s  along  the 
axis  of  X. 

1.     This  explaiiatiou  was  suggested  In  ino  l»y  Dr.  HoDda  uf  the  I'liyHU'iU  iDHtitiite  cf  tlic 
S<r.  Coll.,  Imp.  Univ.  Tokyo. 
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20.  Witli  the  al)ove-8t»ted  view,  I  Imve  constructed  tlie  followiug 
tuble  in  which  the  days  of  actual  and  deduc(Ml  maxiiuum  seismic  luiin- 
bers  ai-e  so  antiuged  as  to  l>e  readily  comparable.  Fi-om  the  table,  it 
will  Im  seen  how  tolernbly  well  the  days  found  by  the  two  dift'ei-ent 
methods  agree  with  each  other. 


o 

.1 

11 

hours 
high- 

maxi- 

ii 

honrs 
high- 

maxi- 

1    1 

'H 

1 J  1 

(M 

(t-i 

(M 

Station. 

§1 

9  a 
-.2 

1.3 

Synodic  days  in  which 
the  above  column  and  c 
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21.     FiHrtlHjnaki*  <H'(:mnuic<*s  in   J;t])aii,  wlieii  they  are  distributed 
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in  syuodic  days,  reucli  the  gi'eutost  iiuuiber  at  two  pairs  of  times, 
namely : — 

Firstly,  at  the  times  of  the  i^oujmictiou  aud  oppoBitiou  of  the  sou 
aud  moou,  the  combined  effort  of  the  two  hejiveuly  bodies  being  the 
cause ; 

Secondly,  at  the  times  of  quadratui-e,  the  combined  effoii  of  the 
moon  and  bai'ometric  pressure  being  the  canse. 

22.  I  hiive  confined  myself  to  the  study  of  the  historical  earth- 
((uakes  in  Japan,  and  the  recent  eui-tliqwikes  registered  by  ordinary 
Gnvy-Milne  type  seismographs  at  the  22  Meteorological  Stations  in 
Japan.  In  the  next  cxx^asion,  I  wisii  to  study  the  synodic  monthly 
distribution  of  the  earthq|iakes  which  originated  only  in  the  immediate 
vicinity  of  Tokyo,  and  fuiiher  the  i*ebvtion  of  ilm  occuri'ence  of  each 
eai*thquake  with  the  tidjd  and  baix>metric  piiessui'es  of  successive 
days. 

Nov.  Oth,  1903. 

Seismological  Institute. 
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Kri^anfiffoti  of  Ffffures. 

Figs.  1-2   show    tlie    synodic    montlily    distrihutiou    of    historical 
eurthqnakes. 

Figs.  3-24  sliow  tlie  synodic    monthly    distribution  of  tho   iiistni- 
nii^ntal  obfler\'ations  of  recent  eai'tliquake.-*. 
For  figs.  1  24 : 

ir=Japinese  synodic  day. 

//  =  actual  nuinl)er  of  seismic  observations   at  the  correspond- 
ing day. 
Number  in  larger   letters  along  the  axis  of  .r  in  figs.  0,  7,  8,   A'c. 
indicates  the  day  of  deduced  maximum    seismic   numlw^r  (Chapter  IV^)* 


ri  JL 
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Figr-  4.    Fukuoka. 


Fig.  5.    Niigrata. 
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Fig.  7.       Kagoshima. 
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Fig.  9.       Osalca. 
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Fig.  10.       Naffoya. 
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Figr*  11*       Wakayama. 
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Figr.  15.    Maebashi. 
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Figr.  1 7 .    Hakodate. 
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Figr.  19.    Tamagrata. 
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Figr.  21.    Ishinomaki. 
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Figr.  22.    Utsiinoniiya. 
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Daily  Periodic  Change  of  the  Level 
in  Artesian  Wells. 

By 

E.  Honda,     Rkjahnhahtfihi 
With  Plates  XVIII -XXIII. 


It  is  well  known  that  in  some  natural  springs,  tho  rate  of  flow 
of  water  is  quite  parallel  with  the  cluinge  of  barometric  pressni*e.  Tlie 
parallel  cliange  between  the  pi^essure  and  the  level  of  the  water  was 
also    observed  in  common  wells,*    which  were    not  in  use.     Assistant 

Professor  S.  Nakamura  observed  the  periodic  change  of  tlie  level  in 
an  artesian  well  in  tlie  compound  of  the  Tokyo  Imperial  X^nivei-sity, 
and  pointed  out  that  its  change  is  pnrallel  to  that  of  tho  l)arometric 
pressui*e,  with  its  phase  revei'sed.  Eoing  unable  to  eontiime  this  in- 
vestigation, he  left  to  me  the  fuiiher  study  of  the  phenomena.  I  also 
carried  out  similar  investigations  in  ai-tesian  wells  in  Yokohama,  Toshi- 
wara  and  Okubo.  In  three  of  these  wells,  the  effect  of  the  tidal  mo- 
tion on  the  level  of  water  was  observed  in  a  remarkable  manner.  Tlie 
following  pnges  contain  the  results  of  observation  in  these  wells. 

AHesian  Well  in  Tokyo. 

Tlie  well  is  at  a  place  15  m  higher  than  the  level  of  the  sea,  and 
5.7  km  distant  from  the  nearest  sea  coast.  It  is  380  m  deep,  and  its 
water-head  is  3.2  m  below  the  surface  of  the  ground.     Tho  wall  of  tlio 

•  ♦  Wilhelm  Krebs,  Metrorol.  Zeilschrift  VIII,  p.  235,  1891.    Frnnz  Weydc.  ditto,  XX, 
p.  364.  1903. 
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well  consists  of  stout  iron  tnbes  14  cm  in  diameter  jointed  together 
one  after  another;  the  bottom  of  the  well  is  closed  by  a  long  wooden 
ping,  but  the  water  may  flow  in  or  ont  through  the  interspace  between 
the  ping  and  the  iron  tube. 

My  arrangement  which  was  a  modification  of  Mr.  S.  Nakamnra's, 
consisted  of  a  buoy  made  of  sheet  zinc  and  a  wire  which  was  attached 
to  the  buoy  and  stretched  yerticaUy  upwards  by  means  of  a  pulley  and 


PilCl. 


a  counter  weight  (Fig.  1.)  Tlie  buoy  carried  a  lead  weight  in  its  lower 
end,  and  the  pulley  rested  in  two  agate  caps  by  its  horizontal  axis.  The 
motion  of  a  point  on  the  wire  was  recorded  on  A  cylinder,  rotating 
about  a  vertical  axis,  by  a  pen  attached  to  the  wire.  To  get  the 
steadiness  of  tlie  pen,  and  at  the  same  time  to  diminish  the  friction 
as  much  as  possible,  the   pen-holder   carried  two  arms  perpendicular 
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to  the  pen.  At  each  end  of  tliese  arms,  a  friction-wheel  was  fixed ; 
the  wheels  rolled  in  the  V-shaped  gi'ooves  in  two  vertical  gnides. 

The  recording  cylinder  had  the  diameter  of  about  9  cm  and  re- 
volved onc3  per  week.  In  some  cases,  the  barometric  pressure  was 
also  recorded  on  tlie  same  cylinder  with  the  aneroid  of  six  plates. 

The  present  apparatus,  when  it  is  arranged  as  shown  in  Fig.  2, 
is  very  simple  and  portable,  and  may  with  advantages  be  used  in 
the  observation  of  the  seiches. 

The  record  was  continuously  taken  from  4th  of  March  to  17th  of 
September  in  the  last  year,  and  also  from  loth  of  October  up  to  the 
present.  Some  of  the  records  are  given  in  Figs.  1,  2,  3.  An  examina- 
tion of  these  records  leads  us  to  the  following  conclusions : — 

1.  In  general  the  level  of  the  water  changes  veiy  regularly  in 
passing  through  two  maxima  and  minima  in  every  24  hours.  Ihe 
double  amplitude  varies  from  3  cm  to  1. 

2.  In  days  near  the  conjimction  and  the  opposition,  the  succes- 
sion of  the  daily  maxima  and  minima  is  very  regular,  resembling  the 
form  of  the  ocean-tide.  In  these  days,  the  amplitude  is  markedly 
greater  than  that  in  the  quadratures. 

3.  The  phases  of  the  maxima  and  minima  coincide  with  those 
of  the  tide  in  Tokyo  Bay,  the  high  water  cori'esponding  to  the  high 
level. 

4.  In  days  near  the  conjunction  and  the  opposition,  the  maxima 
and  minima  of  the  daily  barometric  change  nearly  occur  at  the 
opposite  phases  with  that  of  the  level;  but  as  we  recede  from  these 
days,  the  relative  displacement  of  the  phases  proceeds  in  one  direction. 
In  days  near  the  quadrature,  the  maxima  and  minima  of  the  level 
change  frequently  occur  just  in  the  same  phas3  as  those  of  the  barometric 
change. 

5.  The  high  barometer  causes  the  lowering  of  the  level,  and  the 
low  one  the  rising  of  the  level. 

6.  The  rain  or  di*y  weather  does  not  sensibly  affect  the  level  of 
the  well. 


76  K.    HONDA:      DAILY   PERIODIC 

As  the  pix)bable   ciuises  of  the  cliauge  of  level,  we  iniiy    mention 

( a  )     the  change  of  atmospheric  pressure, 

(  h  )     the  (xieau-tide, 

(  c  )     the  combined  effect  of  these  two. 

The  lower  end  of  the  well  may  pi-obably  be  connected  to  a  por- 
ous layer,  filled  with  water  and  extended  to  a  large  area.  1  he  g>is 
dissolved  in  water  may  accumidate  in  the  upper  parts  of  the  layer 
and  remain  tJiei-e  compressed.  Though  the  gas  is  scanty  in  each  paii, 
its  whole  volume  may  amount  to  a  very  large  one,  when  integrated 
over  tlie  whole  Jirea  ;  they  act  therefore  as  a  large  ah*  cavity.  When 
tlio  atmospheric  pi-essui^  increases,  the  water  flows  into  this  space 
and  compi*esses  the  enclosed  gases ;  when  the  pressure  deci'eases,  the 
water  flows  back  into  the  well  by  the  pressure  of  the  compi*essed 
gases.  The  tide  also  causes  tbe  change  of  the  underground  pressui^ ; 
this  change  of  pi-essure,  if  it  acted  on  the  poroas  layer,  causes  tlie 
level  of  the  ^^'ell  to  be  i*aised  or  lowemd.  The  high  water  then 
corres|x>nds  to  the  rising,  and  the  low  to  the  falling  of  the  level. 
Since  the  water-head  of  the  well  is  about  12  m  higher  than  that  of 
the  sea,  it  is  not  pmbable  that  the  fi'ee  communication  exists  between 
the  well  and  the  sea. 

Comparing  the  curves  in  the  barograpli  witli  those  of  the  level 
change,  it  may  safely  be  concluded  thiit  the  high  or  low  barometer 
extending  for  one  or  several  djiys  results  in  the  change  of  level  with 
amplitude  magnified  about  4.35  times. 

As  regards  the  causes  of  the  daily  change  of  the  level,  the  daily 
barcmetric  change  and  the  ocean-tide  may  actis  simultaneously,  but 
judging  from  the  forms  of  the  cm-ves,  these  two  causes  can  not  enter 
with  equal  impoiiance,  beciiuse  their  forms  ai-e  too  simple  to  be  the 
effect  of  such  a  combination.  If  the  fii-st  cause  pi'edominates^  the 
positions  of  the  maxima  and  minima  can  not  regularly  be  displaced 
in  one  dii'ection,  as  actually  observed.  The  tichil  effect  must  therefore 
be  c(msidered  as  the  principal  term  in  the  daily  clumge  of  level. 
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To  assure  the  above  inference,  an  arrangement  artiticially  chang- 
ing tlie  pressure  in  the  well  was  provided.  A  square  brass  plate  with 
a  hole  in  its  middle  part  was  horizontally  soldei^  to  the  iron  tube. 
A  large  bell  jar  was  tightly  fixed  on  the  plate  with  the  recording 
apparatus  witliin  it.  The  air  inside  the  jar  could  be  exhausted  or 
compressed,  the  pressure  of  which  was  measured  by  the  water  or 
mercury  manometer.  With  this  aiTangement,  I  studied  the  i-elation 
between  the  cliange  of  pressure  and  that  of  the  level.  I'he  result  is 
given  in  the  following  table: — 


Fressnre  difference  ( p ) 
in  meroary. 

Level  change  (  h ) 
in  the  well. 

Batio  h/p  (aba.  value.) 

-0.66  mm 

+7.5  mm 

11.4  mm 

-1.61 

+  20.5 

11^7 

-4.53 

+58.7 

13.0 

+  1.49 

-19.3 

13.0 

^4.02 

-52.7 

13.1 

-9.56 

+  129.2 

13.5 

-241.8 

+3267. 

13.5 

The  above  table  shows  that  the  level  change  for  the  pressure 
difierenoe  of  1  mm  of  mercury  becomes  greater  as  the  change  of 
pressui'e  increases,  soon  approiichiug  to  an  asymptotic  value  18.5.  The 
last  pressure  in  the  table  is  the  pi-essure  which  was  necessiiry  to  raise 
the  level  of  the  water  to  the  mouth  of  the  iron  tube.  The  increase  of 
the  ratio  h/p  with  the  pressui'e  may  be  explained  to  be  the  effect  of 
the  plug  at  the  bottom  of  the  well,  because  it  prevents  free  motion 
of  the  water.  The  above  result  iudicates  tlie  existence  of  the  space 
filled  with  evolved  gases,  as  I  have  already  remarked. 

When  th3  piiessui-a  was  applied  or  reduced,  the  level  descended 
or  ascended  according  to  the  logarithmic  law  with  respect  to  time,  i\s 
shown  in  Fig.  4.     The  form  of  the  curve  for  the  application  of  pi-es- 
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sui'e  or  of  exhaustion  is  always  steeper  than  that  for  the  release.  It 
is  to  be  remarked  that  though  a  given  pressure  was  first  applied,  the 
level  change  caused  the  change  of  the  volume  in  the  enclosed  air, 
and  therefore  the  pressure  was  continuously  changing  as  the  time  pix>- 
ceeds,  till  its  final  value  was  reached. 

It  appears  from  the  above  experiment  that  the  daily  change  of 
the  level  is  of  such  an  amplitude  as  to  be  wholly  explained  by  the 
daily  barometric  change.  But  it  must  be  noticed  that  if  the  atmos- 
pheric pressure  clianges,  it  is  pai-tly  transmitted  through  the  earth  crust 
and  therefore  the  undergi'ound  pressure  must  be  affected.  This  change 
of  the  underground  pressure  produces  the  opposite  effect  on  the  level 
as  the  pressure  acting  on  the  head  of  the  water.  Thus  the  natural 
pi-essure  produces  the  differential  effect,  so  that  the  change  of  level 
for  the  pressure  difference  of  1  mm  of  mercury  is  only  4.35  mm,  as 
actually  observed.  Hence  the  level  change  by  the  atmospheric  pres- 
sure amounts  only  to  32  %  of  the  change  by  the  artificial  pressure ; 
the  eartlx  crust  transmits  therefore  about  68^  of  the  pressure  on  its 
surface  to  a  depth  of  380  ni.  By  the  above  consideration,  it  is  now 
clear  that  the  daily  change  of  pressure  generally  causes  the  change 
of  level  ranging  from  7  mm  to  2.  Since  the  amplitude  of  the  daily 
level  change  is  from  3  cm  to  1,  the  barometric  change  must  be  con- 
sidered as  of  second  importance  in  the  daily  change  of  the  level. 
The  principal  cause  is  then  the  tidal  motion ;  as  we  have  noticed,  the 
phase  of  the  level  change  is  the  same  as  that  of  the  tide  in  Tokyo 
Bay,  and  therefore  the  phenomenon  must  be  considered  as  due  to  the 
tidal  pressui-e.  All  the  particulars  above  enumerated  are  well  explained 
by  this  consideration. 

As  we  have  already  remarked,  the  high  pressure  causes  the  fall- 
ing of  the  level  and  the  low  the  rising  of  it.  If,  however,  the  jar  be 
sealed  air-tight  and  also  thermally,  the  effect  of  high  and  low  pressures 
would  reverse  the  pliase  of  the  level-change,  because  in  this  case,  the 
pressure  above  the  level  does  not  change,  while  it  acts  on  the  neigh- 
bouring earth  crust.    To  test  this  point,  the  jar  was  completely  sealed 
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and  thickly  covered  with  blankets  and  saw  dust;  the  effect  of  the 
change  of  temperature  was  thus  avoided.  In  this  case,  we  also  obser- 
ved two  maxima  and  minima  in  every  24  hours  with  the  phases  coin- 
ciding with  those  of  the  tide.  The  liigh  and  low  barometers  caused 
the  rising  and  the  falling  of  the  level  respectively,  as  it  was  expected. 
Fig.  5  is  an  example.  In  all  cases,  the  amount  of  the  level  change 
was  considerably  i*educed. 

The  reduction  of  the  level  change  can  be  calculated  in  the  follow- 
ing way.  Let  S  be  the  area  of  the  cross  section  of  the  iron  tube,  I  its 
whole  length,  and  h  the  height  of  the  water  level  from  the  bottom  of 
the  well.  liOt  p  and  P  be  the  pressure  of  the  sealed  air  and  the 
underground  pressure  at  the  bottom  of  the  well  respectively,  both 
expressed  by  water  column.     Then  we  get  two  equations 

p-|-/^=P  and  p S  (/ —  A)  =  const. 

dh  _     l-h       _  1 

dP        p^-l-h        ^        p 

In  the  present  experiment, 

ji7  =  76x  13.6  =  1030,  and  l-Ji  is  equivalent  to  539  cm; 

therefore  -^=0.343, 

dP 

which  gives  the  rate  of  the  level  change  due  to  unit  change  of  under- 
ground pressure.  As  an  example,  we  take  a  high  barometer  on  23id — 
24th  of  September,  1903 ;  the  pressure  difference  in  the  noons  of  these 
days  was  9.98  mm.  The  corresponding  change  of  underground  pres- 
sure at  the  bottom  of  the  well  is  therefore  6.78  mm  and  its  ecjuivalent 
water  column  is  9.25  cm,  so  that 

ciP=9.25  and  dA=0.343x  9.25  =  3.17  cm. 
ITie    actually    observed    value  is  3.1  cm,  wliich  fairly  agiees  with  the 
above  calculation. 

Near   the   artesian   well,  there  is  a  common  well  10  m  deep ;    its 
level  change  was  observed   with  a  similar  aiTangement.      Neither  the 
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pressure  nor  the  tide  affected,  in  a  least  degree,  the  level  of  the  well ; 
but  the  level  was  greatly  influenced  by  the  rain. 

In  passing  it  may  be  observed  that  in  our  records  we  sometimes 
observed  a  very  regular  harmonic  curve  (Fig-  6),  in  several  succes- 
sions, wliich  if  not  so  distinct,  appeared  also  in  the  barograph ;  the 
period  of  oscillations  was  about  29  minutes.  Thus,  it  is  evident  that 
in  the  atmosphere,  such  an  oscillation  is  sometimes  produced. 

Artesian  well  in  Yokoliama. 

The  well  at  Negishi  in  Yokoliama  is  about  2  m  higher  tlian  the 
R9a  level  and  2  km  distant  from  the  sea  coast.  It  is  300  m  deep ;  its 
upper  30  m  is  protected  with  iron  tubes  15.3  cm  in  diameter.  The 
well  belongs  to  Mr.  Nuraashima,  to  whom  my  best  thanks  ai'e  due. 
The  water  in  the  well  was  constantly  flowing  out  over  the  tube ;  it 
was  therefore  necessary,  for  my  experiment,  to  raise  the  head  of  tlie 
water  to  a  suitable  height  so  as  to  stop  the  flow  of  water.  An  iron 
tube  5  cm  in  diameter  and  8  m  long  was  vertically  erected  and  tightly 
jointed  to  the  thick  tube  l>y  means  of  a  joint-piece.  The  water  soon 
i^ose  to  a  height  of  about  3  m  from  the  earth  surface ;  it  was  therefore 
difficult  to  anange  my  apparatus  at  such  a  liigh  place.  But  the 
pi-eliminary  experiment  showed  that  the  daily  level  change  was  more 
than  12  cm ;  the  following  aiTangement  was  therefore  adopted. 

Near  the  eai-th  surface,  a  small  side  tube  was  branched ;  through 
a  cork  plug,  it  entered  into  a  large  bottle  containing  a  quantity  of 
merciuy.  From  the  bottom  of  the  bottle,  a  glass  tube  5  mm  thick 
was  erected  through  the  cork  ;  the  upper  part  of  the  tulie  was  about 
4  times  thicker.  Tlie  mercury  in  the  bottle  tlien  ai-ose  in  tliis  tube 
by  the  pressure  of  the  water  column.  The  level  change  in  the  main 
lube  appeared  then  as  the  motion  of  the  mercury-meniscus  in  the 
glass  tube,  its  amplitude  being  reduced  to  Yhi-  To  record  the  motion 
of  the  meniscus  on  a  cylinder,  a  hollow  ebonite  disk  with  a  vertical 
wooden   rod   was   floated  on  the  mercury.     The  upper  end  of  the  rod 
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carried  a  peu  of  a  similar  construction  a«  that  used  in  the  Tokyo 
artesian  well,  and  the  motion  of  the  ])en  was  also  guided  by  two 
vertical  rods. 

The  record  was  taken  from  18th  of  last  November  to  7th  of 
February  in  this  year.  Figs.  7  and  8  are  two  examples.  The  follow- 
ing is  the  result  of  observations: — 

( 1 )  Tlie  mean  level  of  the  water  during  the  day  constantly 
increased  from  the  first  day  when  the  tube  was  erected,  up  to  the 
the  97th.  Tlie  mean  levels  in  several  days  are  given  in  the  following 
table:— 


Nov.  14, 

2"  r.  M.,  1903 

.3.10  m 

15, 

noou 

3.90 

16. 

»« 

4.25 

18. 

«f 

4.65 

22, 

>» 

5.28 

30. 

9* 

5.64 

Dec.  10, 

9  t 

6.1 1 

20, 

0.42 

30, 

, 

0.70 

Jnu.    10, 

1904 

0.87 

20. 

»» 

7.00 

Thus  the  rate  of  increase  of  the  level  becomes  gradually  less; 
but  it  does  not  vanish  up  to  February  20th.  The  mean  level  in- 
creased more  than  double  its  initial  value  during  about  60  days. 

( 2  )  The  daily  level  change  has  an  am^^litude  of  about  10-14 
cm,  the  phase  of  the  change  coinciding  with  that  of  the  tidal  motion 
in  Tokyo  Bay. 

(  3  )  The  atmospheric  pressui*e  has  the  similar  effect  on  the  level 
change  as  m  the  Tokyo  well.  The  level  change  for  the  pressure 
difference  of  1  mm  of  mercury  is  3.(5  mm,  a  value  little  less  than  that 
in  Tokyo. 

The  constant  increase  of  the  mean  level  shows  that  the  porous 
layer  wliich  feeds  the  well  extends  to  some  distant  high  places.  The 
stopping  of  the  flow  may  probably  raise  the  level  of  the  underground 
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water  in  these  places,  and  consequently  causes  the  steady  increase  of 
the  level. 

It  is  obvious  that  the  daily  change  of  the  level  is  due  to  the 
pressure  of  the  tidal  motion  in  the  Bay.  In  Negishi,  a  canal  20  m 
wide  passes  by  the  well,  and  its  level  is  aflfected  by  the  tide  by  about 
1  m.  But  the  comparison  of  the  phase  of  the  level  change  with  that 
in  the  well  showed  that  the  level  in  the  well  was  not  connected 
with  the  canal  water. 

Since  the  level  change  in  the  well  was  reduced  to  about  ^'^  of  its 
actual  size,  the  effect  of  a  small  barometric  change  did  not  appear  in 
the  curves  recorded  on  the  cylinder.  The  curves  are  therefore  very 
simple,  showing  distinctly  the  form  of  the  ocean-tide.  It  is  interast- 
ing  to  observe  that  the  positions  of  the  maxima  and  minima  of  the 
curves  in  Tokyo  and  Yokohama  fairly  coincide  with  each  other. 

An  experiment  of  the  artificial  pressure  was  also  performed  with 
the  results  given  in  the  following  table : 

Pressure  difference  in  mercury.    I  Batio  hjp  (abs.  value). 

+  0.78  mm  11.2  mm 

-  0.51  11.5 

-  1.02  13.2 

-  3.91  13.4 

-  5.30  13.6 
^-11.40  13.6 

Thus  the  nsymptotic  value  of  the  level  change  per  1  mm  of 
mercury  is  again  13.6  mm.  In  the  well,  the  level  changed  almost 
instantaneously  by  applying  the  pi-essure  or  the  exhaustion. 

Now  the  artificial  pressure  causes  the  level  change  of  13.6  mm 
for  the  pressiu-o  difference  of  1  mm  of  mercury,  while  the  atmospheric 
pressure  only  causes  the  level  chiinge  of  3.6  mm  for  the  same  cliange 
of  pressure.  The  earth  crust  in  the  r.eighbourhood  of  the  well  trans- 
mits therefore  74%'  of  the  pressure  acting  on  the  surface  to  a  layer 
which  feeds  the  well. 


> 
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When  the  upper  part  of  the  mam  tube  was  replaced  by  a  glass 
tube  and  the  motion  of  the  meniscus  followed  by  the  eye,  a  uiiiuite 
Huctuation  of  the  level  was  observed,  indicating  that  the  atmospheric 
pressure  was  varying.*  llie  amplitude  of  the  minute  level  cliange 
increased  in  windy  weather ;  in  a  breezing  day,  level  oscillations  with 
the  amplitude  of  0.1--0.7  mm  and  with  the  [period  of  3-4  sec.  were 
observed.  In  the  experiment,  the  effect  of  aspinition  was  excluded 
by  leading  the  mouth  of  the  tube  to  a  calm  place  by  a  lead  tube. 

Since  the  barometric  oscillations  of  such  a  short  period  ai'e 
extremely  local,  this  change  of  the  atmospheric  pressure  must  have 
the  same  effect  as  the  artificial  pressure  applied  directly  on  the 
head  of  the  water;  that  is,  it  will  cause  the  level  cliange  of  13.6mm 
by  the  pressm-e  difference  of  1  mm  of  mercmy.  The  motion  of  the 
meniscus  can  also  be  magnified  10  times  or  more,  by  inclining  the 
glass  tube,  so  tliat  tlie  pressnry  change  of  1  mm  of  mercury  produces 
the  motion  of  the  meniscus  by  136  mm  or  the  moiie. 


ArteHian  well  In  Yoshlwai'a. 

The  well  in  Yoshiwara  in  the  province  of  Siu-uga  is  about  10  m 
higher  than  the  sea  level,  and  3.3  km  distant  from  the  sea-coast;  it  is 
only  24  m  deep  and  its  wall  consists  of  bamboo  tubes.  The  well  belongs 
to  Mr.  Kawashima,  to  whom  my  best  tlianks  are  due.  The  water  was 
flowing  out  over  the  tube,  and  therefore  the  flow  was  stopped  by 
making  the  head  of  water  with  a  thick  tube  20  cm  in  diameter,  but 
the  water  only  rose  to  a  mean  height  of  about  1  m  above  the  eaiih 
sui*face  and  did  not  inci-ease  with  time. 

The  arrangement  used  in  the  well  was  the  same  as  in  Tokyo  ; 
tlie  recoi-d  was  taken  from  3i*d  to  21th  of  January  in  this  year.  The 
following  is  the  I'esult  of  observation. 

*  M.  Toepler,  Aon.  der  Thy.  12,  787,  1UU3. 
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( 1 )  The  daily  level  change  (Fig.  9)  is  the  exact  copy  of  the  tidal 
motion.  Its  amplitude  is  about  8-11  cm,  and  the  phase  of  the  level 
change  coincides  with  that  of  the  tide. 

( 2  )  The  slow  change  of  the  barometi'ic  pi-essure  does  not  seem 
to  affect  the  level  of  the  water. 

( 3  )  The  effect  of  artificial  pressure  is  the  same  as  in  the  form- 
er two  cases.  The  level  changed  almost  instantaneously  by  the  appli- 
cation of  pi^ssure  or  of  exliaustion.  The  following  table  contains  the 
result  of  obseiTation  : — 


Pi-essure  difference  in  mercmy. 


Ittitio  hjp  (abs.  value). 


+  0.5)7  mm 

-J-2.46 

-0.80 

-3.30 

-  5.03 

-5.27 


11.0  mm 

12.7 

11.0 

12.8 

13.5 

13.(3 


Thus  in  this  well,  we  also  observe  a  remarkable  effect  of  the  tidal 
pressiu'e.  Since  the  aititicial  pressure  prcKluces  the  level  change  of 
13.G  mm  by  the  pi-essure  difference  of  1  mm  of  mercury,  whilst  the 
slow  bai-ometric  change  does  not  cause  any  change  of  tiie  level,  it 
follows  that  the  earth  cnist  in  the  district  transmits  nearly  all  the 
pressui'e  acting  on  the  surface  to  a  depth  of  about  30  m.  To  this  in- 
lerence,  wo  may  add  that  the  district  of  Yoshiwara  is  farmed  of  the 
(leixjsition  of  the  river  Fuji. 

It  is  interesting  to  observe  that  though  the  level  of  the  well  was 
not  affected  by  the  slow  bai*ometric  cliange,  we  observed,  in  a  windy 
weather,  a  minute  level  change  of  short  i)eriods  in  a  vertical  glass  tube, 
jointed  to  the  bamboo  tube  in  the  well.  Thus  we  also  see  that  the 
raxDid  fluctuation  of  the  atmospheric  pressure  has  the  same  effect  as 
the  pressure  applied  on  the  water-colunm.  Hence  such  a  well  may 
conveniently  be  used  for  studying  the  baix)metric  oscillations  of  short 
^^riods. 
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AvfeHiiUi  well  hi  Ok'ufMP. 

Okubo  is  a  village  on  the  slope  of  the  Mount  Fuji,  Gkm  distant 
from  tlie  sea-coast;  the  lx)ring  of  the  well  is  now  going  on.  The 
well  is  at  a  place  230  ni  higher  than  the  sea  level ;  its  depth  is  110  ni 
and  its  water  level  38  m  below  the  ground.  It  is  fed  with  two  water 
layers,  one  at  43  m  and  tlie  other  at  58  m ;  since  the  surface  cnist  in 
the  district  consists  of  liard  rocks,  only  the  upper  few  nietei*s  of  the 
well  are  protected  with  an  iron  tube. 

The  observations  wei^  taken  with  the  same  aiTangement  as  in 
Tokyo  and  continued  only  for  5  days,  beginning  from  the  lii-st  of 
January  in  this   year.     The  results  of  obsei^vation   wei-e  as  follows : — 

( 1 )  The  level  constantly  fell  11  cm  dming  5  days. 

( 2 )  In  every  24  hours,  we  observe  two  maxima  and  minima  of 
the  amplitude  of  about  3  mm,  their  phases  being  opposite  to  those  of 
the  tide.  The  amplitude  of  the  change  becomes  gradually  less,  as  we 
recede  from  the  time  of  conjunction. 

(  3 )  The  barometric  change  does  not  seem  to  affect  the  level  of 
the  water. 

(  4 )  The  effect  of  artificial  pi-essure  is  the  same  as  in  the  former 
cases,  Jis  shown  in  the  following  table. 

i 
Pi*essui"e  difference  in  mercury.     I  liutio  lijp  (abs.  value). 


—  1.36  mm  13.4  mm 


-4.28 
+  2.27 
-6.32 


13.5 
13.3 
13.G 


When  the  pressiue  wjis  applied  or  released,  the  level  changed 
logarithmically  with  res^)ect  to  time. 

It  is  evident  that  the  giadual  falling  of  the  level  was  due  to  the  dry 
weaither  which  prevailed  on  those  days.     On  accoimt  of  the  small  dex^th. 
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the  effect  of  the  bai-ometric  clmuge  was  absent  in  the  well ;  hence  the 
daily  cliange  of  the  level  can  not  he  exphiined  l)y  the  daily  barometric 
cliange;  moi*eoYer  tlie  phase  of  the  level  cliange  is  opposite  to  wliat 
is  to  be  caused  by  the  pressui-e  cliange.  It  is  not  unconceivable  that 
the  tidal  pi-essure  would  diminish  the  underground  pressui'e  in  such 
high  place  by  the  strain  of  the  haixl  surfjice  crust,  and  so  cause  the 
i«vei*sal  of  the  phase  in  the  level  cliange  ;  but  the  question  of  the  tidal 
pressui-e  in  Iho  well  must  1^  jx^stponed  to  a  future  date,  when  we 
shall  liave  a  long  series  of  observations. 


The  fact  that  in  each  of  the  fom-  wells,  the  pi^ssui-e  of  1  mm  of 
mercury  applied  on  the  level  of  the  water  pnxiuces  the  level  change 
of  13.6  mm  sho>vs  the  constancy  of  the  i)ressui*e  at  an  internal  point 
in  the  well  by  compressing  or  exhausting  the  air  above  the  level  of 
the  well ;  that  is,  it  indicates  the  existence  of  the  aii*  space,  which  we 
have  already  discussed.  Hence  we  may  infer  tliat  in  every  artesian 
well,  the  level  of  the  water  is  held  in  a  position  by  the  equilibrium 
of  two  pressures  —  the  atmospheric  pressui-o  and  the  midergixmnd 
pressure.  If  one  of  these  pi-essures  undergoes  a  change,  a  coii^espond- 
ing  change  of  level  is  produced. 

It  was  thought  probable  that  this  remark  would  apply  even  to 
common  wells.  That  the  level  of  a  well  does  not  cliange  by  gradually 
pumping  out  or  in  the  water,  furnishes  us  a  verification  of  the  above 
view.  To  test  it  dii-ectly,  a  well  4  m  deep  was  dug  and  its  well  was 
protected  with  an  iron  tube  15  cm  in  diameter ;  the  water  then  ixjse  to 
a  height  of  1.86  in  below  the  ground.  By  changing  the  pressui-e  above 
tlie  water,  the  level  slowly  changed  as  in  artesian  wells.  Reduciug 
the  pressuie  by  15.9  cm  in  mercury,  the  water  just  i^ose  to  the  surface 
of  the  gi-ound ;  the  ratio  hjp  then  becomes  11.7  mm,  which  falls  a  little 
shoi-t  of  the  desired  value.     But  this  ditierence  may  be  explained  by 
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the   poor   supply   of   water   owing   to   the   small   depth  of   the  well. 

In  connection  with  the  above  experiment,  it  was  necessary  to  see, 
if  the  air  may  pass  into  a  depth  of  a  few  meters  through  the  soil  (red 
clay)  by  the  pressure  above  used.  For  this  purpose,  another  well 
2.5  m  deep  was  dug,  and  its  wall  was  likewise  protected  with  an  iron 
tube;  the  water  did  not  spring.  The  experiment  showed  no  trace  of 
leakage  when  the  said  exliaustion  was  i-eached.  It  follows  then  that  in 
common  wells  also,  the  atmospheric  and  the  imdergi'ound  pressure  are 
in  equilibrium.  But  in  most  common  wells,  on  account  of  their  small 
depth,  the  change  of  the  barometric  pressure  is  almost  transmitted 
through  the  soil,  so  that  the  level  of  the  water  is  not  sensibly  aflfect- 
ed  by  it. 

The  pressure  at  an  internal  point  of  the  earth  cnist  due  to  the 
pressinre  applied  on  the  surface  depends  upon  its  depth  as  well  as 
the  nature  of  the  crust.  By  the  above  consideration,  the  percentage 
i-eduction  of  the  pressure  at  the  point  is  found  by  simply  observing 
the  level  change  of  a  well  due  to  the  change  of  atmospheric  pi-essure, 
if  the  well  be  so  deep  as  to  reach  the  point  in  question.  It  is  very 
desirable  to  observe  this  i-eduction-factor  in  the  diffei-ent  parts  of  the 
world. 

From  the  daily  change  of  the  level  observed  in  tlie  three  artesian 
wells,  it  is  now  clear  that  in  the  sea  and  also  in  the  districts  which  ai*e 
not  far  from  the  sea  coast,  tlie  pressure  of  an  internal  point  is  consider- 
ably affected  by  the  tidal  motion.  It  seems  also  very  pmbable  tliat  in 
our  island,  the  underground  preasuie  at  any  point  is  always  changing 
by  tlie  tidal  motion,  if  the  depth  of  the  point  under  cimsideration  is 
comparable  with  the  width  of  the  island.  But  independently  of  such 
an  assumption,  it  is  highly  interesting  to  investigate  experimentally 
liow  far  the  tidal  pressure  extends  into  the  inland. 

In  conclusion,  the  following  i-emarks  may  not  l)e  out  of  place. 
Let  it  be  supposed  to  be  the  case  tliat  the  internal  pressure  undergoes 
the  daily  fluctuations  by  the  tidal  motion  as  well  as  the  bammetric 
change ;    such   fluctuations  of  the  underground   prcFSure  may  give   an 
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opportunity  for  the  earthquakes  to  take  place.  Professor  F.  Omori* 
investigated  the  relation  of  the  activity  of  eai*thquakes  to  the  pliase 
of  tlie  moon  in  the  lunar  day,  to  the  season  of  the  year,  and  to 
the  change  of  barometric  pressure.  He  found,  in  each  case,  a  remark- 
able connection  between  them.  If  the  cuiTe  of  the  activity  of  earth- 
quakes be  plotted  against  the  lunar  time,  the  earthquakes  due  to  tlie 
daily  l^arometric  change  of  pi'essure  will  be  equally  distributed  over 
the  whole  day.  Tlius  the  earthquakes  due  to  the  tidal  effect  is 
separated.  In  this  way,  Professor  F.  Omori  found  several  maxima  in 
the  activity-curves  for  three  stations  in  Japan,  namely  Nagoya,  Nemu- 
ro,  and  Tokyo.  By  smoothing  these  curves,  he  obtained  two  distinct 
maxima  in  each  curve,  which  occiu*  at  about  5th  and  17th  hours  of 
the  lunar  day,  the  time  beginning  with  the  upper  culmination  of  the 
moon.  In  Nemuro,  the  second  maximum  is  slightly  displaced  towards 
the  earlier  time.  These  positions  of  the  maxima  nearly  coincide  with 
those  of  the  high  water. 

If  the  curve  of  activity  be  dmwn  wita  the  solar  time,  the  earth- 
quakes due  to  the  tidal  effect  will  be  equally  distributed  over  the  day. 
The  effect  of  the  daily  barometric  change  of  pressure  on  the  activity 
will  thus  be  separated.  Professor  Omori  found  a  remarkable  coincidence 
between  the  pressure  and  the  activity  of  earthquakes,  the  high  pressure 
generally  corresponding  to  the  maximum  activity. 

As  regards  the  annual  distribution  of  the  earthquakes,  he  also 
found  a  good  coincidence  l)etween  the  activity-curve  and  the  pi-essure- 
curve,  the  maximum  activity  generally  correspimding  to  the  high 
pressiu'e.  But  in  some  stations,  the  phenomenon  is  just  reversed,  the 
maximum  activity  cx^cmTing  at  the  low  pressure.  It  seems  probable 
tliat  this  reversal  arises  from  the  difference  of  the  structui'e  of  the 
(uust  in  these  districts ;  in  one  place,  the  increase  of  the  atmospheric 
pressm-e  may  augument  the  instability  of  a  strained  portion,  while  in 
the  other,  its  decrease  may  have  the  same  effect.     The  activity  of  the 


•  F.  Omori,  Reports  (Jupnnefje)  of  the  EartLquake  Investigation  Committee,  Nob.  2(), 
30,  and  32. 
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earthquakes  must  also  be  affected  by  the  high  tide  in  Spring,  so  tliat 
its  activity  is  considerably  large  in  Spring,  as  shown  by  Professor 
Omori. 

Assistant  Pi-ofessor  A.  Imamui*a  has  investigated  tlie  synodic  month- 
ly distribution  of  the  earthquakes,  and  found,  in  every  case,  two  paii-s 
of  maxima,  the  one  pair  occurring  at  the  days  near  conjunction  and 
opposition,  and  the  otlier  at  the  days  near  7tli  and  24th  in  each  symxlic 
month.  The  firet  pair  occurs,  when  the  tidal  motiv^n  is  maximum,  that 
is,  when  the  fluctuation  of  the  internal  stress  due  to  the  tide  is  maxi- 
mum. The  second  pair  of  maxima  occui-s  in  the  dnys,  when  the  phase* 
of  the  tidal  pi-essm-e  coincides  with  that  of  the  barometric  cliange ;  in 
this  case,  the  fluctimtious  of  the  internal  stres^^  .ii'e  also  considerable. 
Thus  the  limar  effect  on  the  activity  of  the  eai-thquakos  may  be 
attributed  to  the  tidal  pi*essure. 

The  above  consideration  is  also  supported  by  the  following  re- 
marks. The  actual  tidal  motion  at  a  station  is  more  complex  tlum 
to  be  judged  fi-om  the  phase  of  the  mtxju ;  hence  for  studying  the 
I'elation  between  the  activity  of  eai*thquakes  and  the  tidal  motion,  it 
is  not  convenient  to  draw  the  activity-curve  against  the  lunar  time. 
It  is  better  to  see,  from  the  record  of  a  tide-gauge  in  the  staticm, 
in  what  phase  earthquakes  actually'  occuri-ed,  and  to  mark,  in  a  figure  oi 
the  tidal  motion,  the  points  having  the  same  phases.  In  this  way,  Fig<. 
10,  11,  12  and  13,  were  obtained.  These  curves  show  that  the  activity 
of  the  earthquakes  is  maximum  in  high  and  low  watei-s ;  there  is  another 
minor  maxima  in  phnses,  where  the  variation  of  the  tide  is  gi-eatest. 
That  the  maximum  activity  occurs  in  high  water  as  much  as  in  low 
water  is  evident ;  for  the  earth  ciiist  is  in  equilibrium  under  the  actiou 
of  external  pres8m*es,  and  therefore  an  increase  or  decrease  of  ilu) 
pressure  acting  on  the  surface  lu^y,  ^^  some  cjises,  equally  increase  the; 
nnstability  of  a  highly  strained  portion.  Thus  these  positions  of  the? 
maxima  are  consistent  with  the  above  view. 
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Earthquakes  obHerred  at  TOkyS,  1899. 
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Earthquakes  observed  at  Tokyd^  1898. 
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Tig.  13. 
Earthquakes  of  submarine  origrin  observed 
at  Tokyo,  lOOO. 


Note  on  the  Seismic  Triangulation  in  Tokyo. 

By 

A.  IMAMUBA,     Rlgalcmhi, 

Extraiordiiinr>'  Moniber  of  tlio  Iiuperiiil  Eartliqiiakc 
Iiivi^sti^ntioii  Colll1llitte<^ 


With  Plate  XXIV. 


In  a  former  report  on  the  seismic  triangulation  in  Tokyo,^  the 
present  writer  has  given  the  transit  velocity  of  tlie  wave  at  the  com- 
mencement of  the  principal  portion  of  the  earthquake  motion,  this 
wave  being  usually  well  defined  so  that  it  can  easily  be  identified  in 
the  diagrams  obtained  at  the  different  seismic  stations.  In  the  present 
note,  I  add  the  transit  velocities  of  the  other  waves  which  have  not 
formerly  been  discussed ;  namely,  those  of  the  preliminary  tremor  and 
the  waves  following  the  initial  wave  of  the  principal  portion. 

J.     Hie  prelhninrtrf/  tremor. 

As  it  was  difficult  to  identify  the  waves  in  this  phase  in  the 
diagrams  of  the  8  earthquakes  registered  at  tin  different  stations,^ 
the  transit  velocity  has  been  determined  according  to  the  formula 

where  v  and  V  represent  the  respective  transit  velocities  of  the  initial 
waves  of  the  preliminary  tremor  and  principal  portion,  t  tlie  duration 
of  the  preliminary  ti'emor,  and  d  the  epicentral  distance.     'I'he    i-esult 

1.  The  PuUicatimis,  No.  7. 

2.  lAX. 
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is  given  in  the  following  table,  in  which  the  duration  of  the  pre- 
liminary tremor  is  taken  fix)m  the  diagrams  given  by  one  of  the  tliree 
Ewing  type  instruments. 


Eqke.  no. 

Dale. 

! 

t 

d 

V 

km 

s 

km 

B 

1 

April      3, 

1895.      , 

2 

110 

3.5 

2 

Feb.     23, 

1896. 

18 

160 

5.3 

3 

Mni-cli    6, 

1896. 

9 

120 

4.4 

4 

April    24. 

1896. 

1 

8 

70 

5.4 

5 

Atig.       T), 

1897. 

14 

450 

3.7 

n 

Aiig.     16. 

1897. 

12 

300 

3.8 

7 

Feb.     ]3. 

1898.      ' 

7 

60 

6.0 

8 

July      12, 

1898. 

3 

80 

3.8 

Tlie  initial  wave  in  the  registers  of  the  eqkes.  Nos.  1,  5,  6,  and 
8  is  too  large  and  does  not  probably  represent  the  [real  commence- 
ment of  the  earthquake  motion,  llie  ixxsks  of  Archean  formation, 
which  have  a  transit  velocity  of  seismic  waves  as  high  as  6-7  km. 
per  sec,  may  form  a  part  of  the  path  for  the  wave  in  the  prasent 
discussion. 


//.     The  prinrApnl  jmrtion. 

The  eqke.  no.  7  was  one  which  gave  the  most  appropriate  dia- 
grams for  the  deduction  of  the  transit  velocities  of  the  successive 
waves  of  the  principal  portion.  The  waves  F-G  and  P-S  in  E-W 
component,  and  h-i  and  o-s  in  N-S  one  being  very  distinct,  I  have 
divided  the  principal  portion  into  three  successive  phases,  each  of 
which  began  with  one  of  the  above-mentioned  waves.  (See  the  accom- 
panying figin-e.)     The  result  is  given  in  the  following  tables. 
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E-W    COMPONENT. 


Time  of  arrival. 

Fliase. 

Wave. 

. 

HODgO. 

Hitotsaboshi. 

Astro.     Obs. 

Komntsngawa. 

A 

R 

7.57 

8.22 

8 

8.83 

8 

8.87 

B 

8.19 

8.82 

— 

9.73 

I 

C 

8.50 

9.12 

— 

— 

D 

8.91 

9.60 

— 

— 

£ 

9.49 

10.27 

— 

11.09 

F 

10.17 

11.00 



11.70 

G 

10.79 

11.57 

— 

12.29 

H 

11.63 

12.18 

— 

12.88 

I 

n.S7 

12.50 

-- 

13,78 

J 

12.19 

'      12.90 

— 

14.09 

n 

K 

12.63 

13.52 

— 

14.88 

L 

13.45 

14.12 

— 

15.45 

M 

11.79 

14.48 

— 

16,00 

N 

1415 

14.87 

— 

16.37 

O 

14.37 

15.23 

— 

16.70 

P 

14.85 

15.77 



17.41 

Q 

15.22 

16.08 

— 

17.91 

R 

15.66 

16.51 

— 

18.46 

8 

1624 

17.28 

— 

19.23 

ni 

T 

17.15 

18.21 

— 

20.00 

U 

17.59 

18.74 

— 

V 

18.2S 

19.26 

— 

W 

]'.).2r> 

20.30 

— 

21.90 
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N-S    COMPONENT. 


ime  of 

arrival. 

Vbnne. 

Wave. 

Hod  go. 

JlitotsnbeRhi. 

ARtTo.    Ohs. 

KomatsQgawA. 

a 

fi 
7.53 

817 

8 

8.62 

8.90 

b 

7.87 

8.52 

900 

9.26 

c 

8.59 

9.*23 

10.00 

10.02 

I 

d 

9.19 

9.79 

10.77 

10.98 

e 

9.55 

10.11 

11.41 

1151 

£ 

9.8r. 

10.50 

11.79 

12.05 

h 

io.r,5 

11 D3 

12.61 

— 

11.07 

11.49 

13.05 



i 

11.33 

11.93 

13.67 

13.62 

J 

11.81 

12.49 

14.19 

14.10 

II 

k 

12.13 

12.8r, 

14.41 

— 

1 

12.82 

13.45 

15.02 

1514 

• 

m 

13.53 

14  3t) 

15.86 

n 

14.00 

14.r,2 
15.50 

16.80 

16.50 

o 

14.50 

17.10 

P 

14.88 

15.90 

17.62 

17.52 

q 

15  28 

16.32 

18.00 

17.97 

r 

15.91 

16.77 

18.21 

18.55 

III 

s 

1G.24 

17.22 

18,65 

— 

t 

10.79 

18.15 

19  28 

19.20 

n 

17.24 

18  50 

19.75 

19.RS 

V 

17.r.4 

1H.07 

20.10 

— 

w 

18.37 

1083 

— 

20.91 
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The  followiug  table  gives  for  .iiacU  phase  the  mean  times  of  ar- 
rival of  the  successive  waves  at  the  3  local  stations,  refeiied  to  the 
time  of  aiTival  of  the  same  wav«t,ii  at  Hongo. 


StatioD. 

E-W  oomi>oncnt. 

N-S  component. 

Mean. 

I 

n 

III 

I 

n 

ni 

I 

II 

Ul 

HitotKubtwhi. 

H 

0.67 

8 

U.73 

0/jy 

8 

l).5U 

8 

063 

8 

115 

8 

8 

0.69 

8 

l.OS 

Astroiiomiwil  Obs. 

V2(\ 

— 

— 

1.69 

2.23 

2.49 

1.52 

2.23 

2.49 

KoniiitHugjiwii. 

1.3H 

1.91 

2.76 

1.69 

2.34 

2.61 

1.62 

2  05 

2.68 

From  these  data,  it  will  be  seen  that  the  directions  of  propaga- 
tion of  the  different  phases  of  the  eaiiliqnake  motion  coincided  roughly 
with  one  another,  the  approximate  value  being  N25°\V.  The  transit 
velocities  of  the  various  phases  thus  come  out  to  be  H.O,  2.3,  and  1.8 
km.  per  sec.  Each  of  these  different  values  may  probably  relate  t(3 
one  of  the  strata  which  are  supposed  to  lie  near  the  earth's  surface 
panUlel  to  the  latter,  the  terms  con-esponding  to  the  superficial  layer, 
into  wliich  the  waves  propjigated  thi*ough  the  assuiued  stratum  refnict 
to  reach  our  observing  stations,  being  eliminated  in  the  pi-ocess  of 
taking  the  difference  of  the  times  of  anival. 

Tlie  different  phases  discussed  in  the  present  note  may  possibly 
have  cei*tain  relation  with  the  three  phases  following  the  most  active 
part  of  the  principil  portion  of  large  distant  eaiihquakes. 


May  24,  1904. 
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On  the  transit  velocity  of  the  earthquake 
motion  originating  at  a  near  distance. 

By 

A.  Imamura,    livjalmsld, 

Extraordiiinry  Member  of  the  Imperial  Kartluiuake 
Iiivesti$::atioii  Committee. 

With  pTates"XXV-XXVI.  " 


1.    Introduction . 


The  assumptiou  of  the  existence  of  a  stratum  of  the  quickest 
eai-thquake  propagation  near  the  earth's  surface  parallel  to  the  latter 
is  very  important  in  the  study  of  the  mode  of  propagation  of  the 
seismic  motion.  In  fact,  the  linear  relation  which  exists  between  the 
areual  epicentral  distance  of  a  distant  station  and  tlie  time  taken  in 
transit  by  tlio  1st  preliminary  tremor  is  well  explained  by  considering 
the  depth  of  tho  stratum  to  be  a  few  hundred  kilometres.^ 

It  is  a  well-known  fact  that  the  mean  velocity  between  the  or'njln 
and  a  near  utation  is  comparatively  small,  becoming  larger  with  the 
increase  of  the  distance.  For  instance,  the  Kyushu,  F(jrmosa,  and 
Manila  earthquakes,  wliich  occun-ed  in  1899-1902,  had  the  velocities 
of  8*2,  10*6,  and  10*9  km  per  sec.  for  the  epicentral  distances  of  900, 
2200,  and  SOoOkm.  respectively. ^  To  see  how  the  first  phase  is 
pi-opagated  from  a  iicar  station  to  anothet'  in  similar  ^^ase,  I  have  first 
examined  the  observations  at  Tokyo  and  Osaka  of  the  earthf[uakes, 
which  originated  in  NE  Japan  or  in  Kyushu,  and  obtained  a  transit 


1     The  Publications,  No.  10,  p.  116. 

«     See  Dr.  Omori :     The  rubUcations,  No.  13,  p.  141. 


^! 


98 


A.  imamura:    on  the  transit  velocity  of  the 


% 

I  ll 
r    '■■ 

p  ■.  ■'.•• 

1       V 


velocity  as  high  as  12  km.  per  sec,  the  result  of  simUar  examination 
made  aftenvards  of  the  observations  at  the  Mizusawa  Astronomical 
ObseiTatory  being  nearly  the  same.  It  must  be  i-emarked  that,  the 
origin  of  each  earthquake  having  been  comparatively  near  the  observ- 
ing stations  and  approximately  in  the  direction  of  the  sti^aight  line 
connecting  the  latter,  the  difference  of  the  epioentral  distances  is  but 
little  affected  by  an  inaccui*ate  determination  of  the  epicentre,  whether 
the  path  be  acual  or  choi-dal. 

The  earthquakes  taken  into  consideration  are  given  in  the  follow- 
ing table : — 


^'1 


Earthquake 

Dixie. 

Time  of  occurrence, 
at  epicentre. 

Epicentre. 

No. 

Latitude. 

Longitude. 

1«02. 


h 

111 

H 

1 

Jan. 

2'J. 

23 

24 

50 

34:5  N 

139:8  E 

2 

Jan. 

30. 

23 

0 

0 

41.0 

142.5 

3 

Jan. 

31. 

10 

41 

30 

41.5 

142.5 

4 

Feb. 

21. 

0 

37 

40 

40.8 

142.8 

5 

May- 

2. 

20 

31 

0 

4D.5 

144.0 

f) 

May 

8. 

11 

i:) 

0 

30.7 

131.6 

7 

May 

28. 

18 

1 

40 

42.8 

144.8 

K 

June 

13. 

9 

21 

20 

42.7 

144.3 

y 

June 

2.i. 

7 

42 

20 

35  5 

13J.8 

10 

July 

1. 

17 

16 

20 

40.0 

144.0 

11 

July 

8. 

23 

5 



41.5 

142.5 

12 

July 

10. 

19 

5« 

20 

41.7 

142.0 

l:{ 

Aug. 

3. 

10 

40 

— 

42.5 

146.5 

14 

Aug. 

7. 

18 

19 

— 

3D.8 

143.7 

i9oa. 


15 

March   21. 

19 

35 

50 

33.7 

132.0 

16 

April        1. 

23 

8 

30 

38.0 

142.0 

17 

Aug.       10. 

13 

38 

— 

36.0 

137.1 

18 

Aug.      10. 

13 

45 

— 

36.0 

137.1 

19 

Aug.       14. 

0 

40 

— 

42.8 

141.8 

20 

Oct.        11. 

1 

41 

0 

32.3 

132.0 

21 

Dec.         3. 

17 

52 

40 

32.0 

132.0 

1004. 


22 

March 

18 

22 

42.7 

144.3 

23 

April 

13 

14 

37 

40 

38.7 

142.0 

24 

May 

27 

5 

40 

0 

35.0 

139.6 
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The  positions  of  the  epicentres  and  times  of  commencement  at 
the  latter  were  determined  from  the  result  of  instrumental  observa- 
tions at  the  Meteorological  Stations  and  observations  of  the  seismic 
intensity  by  the  meteorological  reporters  in  the  different  parts  of  the 
oountrj'.  The  observations  depending  on  the  1st  category  are  given 
in  the  PublicationSy  No.  16,  or  in  the  appendix  to  the  present  note. 
The  numbers  of  observations  of  the  2nd  category  were  205  and  156 
in  Eqkes.  Nos.  2  and  3  respectively.  These  two  earthquakes  are  speci- 
ally discussed  later  on. 

IT.     Obsen^afimis  at  Tokyo  and  Osaka. 

The  diagrams  examined  were  given  by  Omori's  IT.  P.  Seismographs 
at  the  Seismological  Institute  and  Osaka  Meteorological  Observatory. 
The  following  is  the  list  of  the  instruments  which  gave  the  Tokyo 
register. 


Instrument. 

Oi'ientatiou. 

Magnification. 

Fi-ee  vibmtion 
period. 

No.  1. 
A 
B 

E-W  compouent. 
Do. 

N-S  component. 

10 
15 
10 

8. 

26 
62 
30 

The  instiniment  at  Osaka  was  less  sensitive  and  hnd  a  magnifica- 
tion of  6  times  and  a  period  of  25  sec. 

The  time  which  is  marked  every  minute  on  the  smoked  paper,  is 
^  kept  at  Tokyo  by  a  chronometer,  but  at  Osaka  by  a  clock  whose  daily 
change  of  clock  rate  amounted  seldom  to  20  sec,  being  commonly  one- 
half  of  the  latter.  Tlie  clock  and  chi'onometer  are  daily  compared  with 
the  standard  time  at  noon,  the  former  by  means  of  an  electric  signal 
sent  directly  from  the  Tokyo  Astronomical  Observatory,  but  the  latter 
indirectly  by  the  report  of  a  cannon  at  a  distance  of  2.3  km. 


1(K) 
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Of  the  41  earthquakes  which  were  first  taken  iuto  examiuation, 
the  Osaka  iustiument  did  not  record  the  time  ticks  in  20  cases,  and 
gave  0  seLsinogi-ams,  4  of  which  were  too  minute  and  the  others  were 
masked  by  pulsatory  oscillations;  besides,  the  correction  of  the  cL^k 
was  so  uncertain  in  2  cases  that  a  i-eliable  clock  i-ate  could  not  be 
obtained.  In  all,  there  were  13  earthquakes  which  were  recorded  toler- 
ably well  at  the  two  stations. 

Let  P„  P.,,  and  P^  represent  the  initial  waves  of  the  1st  and  2nd 
preliminary  tremora  and  principal  portion,  and  Fi,  J^,  and  1\  thoir 
respective  transit  volc^cities.  The  hitter  were  calculated  according  to 
the  formula 


Velocity  = 


d'-il 


where  d  and  d'  indicate  the  arciuil  epicenti'al  distances  of  the  twi> 
observing  stations,  and  t  and  V  the  times  of  arrival  of  each  phase  at 
the  respective  stations.     Tlie  result  is  given  in  the  following  table. 
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The  values  thus  deduced  do  not  much  differ  from  those  which  ai-e 
generally  obtained  iu  cases  of  large  distant  earthquakes,  the  formula 
adopted  being  the  same. 

Let  us  next  compare  these  velocities  with  those  which  are  obtained 
according  to  the  formula 

d 


Velocity  = 


t-to' 


where  f^  indicates  time  of  commencement  at  epicentre,  which  was 
estimated  with  tolerable  accuracy  for  the  preceding  earthquakes  except 
Isos.  11,  13,  and  14.  In  the  following  table  only  the  mean  values  are 
given. 


Place. 

EpiceDtral 
distance. 

Time  taken  in  transit. 

Tranfiit  velocity. 

^. 

P         1       P 

^1 

Vz 

y^ 

Tokyo. 
OBakn. 

679kra 
792 

91« 
101 

142 

177« 
204 

km 
7.5  ^ 

7.9 

km 

5.5  * 
5.6 

km 
3.8  » 

3.9 

Ihe  difference  of  the  values  of  F,  due  to  the  two  different  methods 
may  be  explained,  as  has  been  noted  previously,  by  assuming  the 
stratum  of  the  quickest  propagation  to  have  a  depth  of  a  few  himdred 
kilometres.  For  the  seismic  motion  radiating  from  the  origin,  which 
may  be  situated  comparatively  near  the  earth's  surface,  is  propagated 
directly  to  obsening  station  in  the  epicentral  district,  while  the  initial 
wave  observed  at  a  more  distant  station  may  be  the  wave  propagated 
from  the  origin  first  downward  to  the  stratum  of  the  quickest  propaga- 
tion, next  through  that  stratum  to  a  position  near  the  observing  station,, 
and  then  refracting  to  the  latter.  In  so  supposing,  the  transit  velocity 
estimated  according  to  the  1st  formula  relates  particularly  to  the 
assumed  stratum,  the  term  depending  on  the  depth  being  eliminated 
in  the  process  of  taking  the  difference.  If  the  velocity  determined 
according  to  the  2nd  formula  represent  the  mean  value  between  the 
origin  and  a  distant  observing  station,  it  seems  more  proper  to  intro- 
duce in  tLe   teim    of   epicentral    distance  a  ccnection,  which,  roughly 
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speaking,  is  equal  to  double  of  the  distance  between  tli3  seismic  focus 
}vnd  the  stratum  of  the  quickest  propagation. 

Assuming  the  state  of  propagation  of  the  1st  preliminary  tremor 
as  discussed  above,  the  time  which  would  have  been  taken  by  the 
wave-front  in  its  transit  from  the  seismic  focus  to  the  assumed  stratum 
is  calculated  in  the  preceding  10  earthquakes  to  have  been  20  sec.  on 
the  average.  In  the  Kyushu,  Formosa,  and  Manila  earthquakes,  previ- 
ously cited,  the  times  amount  to  23,  25,  and  31  sec.  rerpectively.  For 
the  Aomori  earthquake  of  Aug.  9,  1901,  in  which  the  focal  depth  was 
probably  very  shallow,  ^  the  value  amounts  to  60  sec.  The  time  calcu- 
lated in  such  a  way  may  probably  be  used  for  the  determination  of 
the  depth  of  the  seismic  focus  and  the  stratum  of  the  quickest  propa- 
gation. 

The  path  of  P^  seems,  as  usually  accepted,  to  be  superficial,  for 
the  velocities  deduced  by  the  two  different  methods  do  not  much  differ 
from  each  other.  As  regards  Pj^,  the  path  may  be  inferred  to  lie 
between  the  two  others. 

III.     Obsemtions  at  Tokyo  and  3£ixu8.%wx. 

The  instruments  at  Mizusawa  consist  of  a  pair  of  Omori's  H.  P. 
Seismographs,  tliat  which  registers  E-W  component  motion  being  of 
the  same  type  as  tliat  at  Osaka  but  so  adjusted  as  to  have  a  free 
vibration  period  of  13 sec,  while  the  other  which  records  N-S  com- 
ponent motion  being  of  the  same  type  and  about  equal  pariod  as  the 
Tokyo  instrument  No.  1.^ 

The  clock  keeping  the  time  tick  was  at  first  compared  with 
the  standard  cluronometer  at  the  start  and  end  of  each  smoked  paper 
which  lasts  about  24  hours;  but  since  the  end  of  1902,  it  was  more 
frequently  compared  so  that  an  accurate  clock  correction  could  be 
obtained  whenever  earthquake  occurred.     Hence,  in  the  calculation  of 

1  The  Pviblications,  No.  10.  p.  75. 

2  See  also  Annnal  lleiwrt  of  the  Meteorological  ObservntioDS  at  Mizusawa   for   the 
year  1903. 
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tlio  mean  values  of  transit  velocity,  tbe  weight  of  tlio  data  relating  to 
tlie  former  epodi  is  assumed  to  be  one-lialf  of  that  i-elating  to  the 
latter. 

Many  earthquakes,  which  originated  near  one  of  our  stations,  have 
been  grouped  against  those  wliich  originated  at  distances  greater  than 
400  km.  The  result  for  the  difl'ereiit  groups  will  be  undei-stocd  fi*om 
the  following  tables. 
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OBSERVATIONS  OF  NEARER  EARTHQUAKES. 


Eqke. 

Epioentral  diRtance. 

Time  of  com- 

Diff. of  times 

mencement 
at  Tokyo. 

of  arrival 
of  P^ 

Vx 

no. 

Nearer 
Ktation. 

Further 
station. 

Difference. 

km 

km 

km 

km 

h      m    B 

8 

M 

1 

139 

529 

390 

23    25    10 

39 

10.0 

2 

237 

622 

:«5 

23      1    43 

45 

8.6 

3 

287 

685 

398 

10    42    58 

43 

9.3 

4 

233 

625 

392 

0    39    13 

41 

0.6 

5 

287 

648 

361 

20    32      3 

41 

8.8 

9 

22 

420 

308 

7    42     30 

45 

8.8 

10 

264 

604 

340 

17     17    27 

45 

7.6 

11 

287 

685 

398 

23      7    36 

27 

14.7 

12 

294 

694 

400 

19    57     53 

35 

11.4 

14 

235 

571 

336 

18    20    50 

44 

7.6 

16 

148 

324 

176 

23      9    24 

13 

13.5 

17 

243 

496 

253 

13    40      9 

27 

9.4 

18 

243 

496 

253 

13    46    12 

27 

9.4 

23 

88 

388 

300 

14    38    30 

34 

8.8 

24 

92 

479 

387 

5    40    34 

30 

0.9 

Meon. 

106 

522 

327 

34 

9.6 

OBSERVATIONS  OF  REMOTER  EARTHQUAKES. 


Eqke. 

Epioentral  distance. 

Time  of  com- 
mencement 
at  Tokyo. 

Diff.  of  times 

of  arrival 

of  P^ 

V. 

no. 

Nearer 
station. 

Further 
station. 

Difference. 

6 

7 

H 

13 

15 
19 
20 
22 

km 
044 
510 
475 

586 

743 
510 
810 
475 

km 

1275 

808 

871 

051 

1015 

8:)8 

1120 
871 

km 
331 
:j88 
306 
365 

272 
3KH 
310 
306 

h      m     8 
11    21     19 

18  3    43 
0     23     39 

10     43     17 

19  37     36 

0  48      8 

1  42    38 
22    48    33 

s 
28 
39 
34 
32 

21 
25 
22 
36 

kn» 

11.8  ' 

9.0 

11.6 

11.4 

13.0 
15.5 
14.1 
11.0 

Mean. 

633 

0S4 

351 

— 

28.4 

12.4 
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Tlii»  we  arriTe  at  neariy  the  same  result  as  tbat  dednced  from  the 
observatioiis  at  Tokyo  and  Osaka,  the  Talae  lehitiiig  to  the  earthqnakea 
which  originated  in  near  distances  apjmndmaling  to  that  calcohited 
aoorifding  to  the  2nd  formnbi  in  the  preTioiis 


TF.    Earthquakes  of  Jan.  90  and  31^  1902. 

The  1st  preliminary  tremor  of  Eqkes.  Nos.  2-3  were  also  record- 
ed at  sereral  seismic  stations  in  Europe  and  other  parts  of  the  world* 
The  fc^owing  is  the  resolt  of  those  obsarTations. 

Eqlr.  No.  2. 


Place  of  obwr-  I  Epioentxml 


TEtKn. 


distanoe. 


MizQsawa. 

Tokya 

Ouika. 

Izkntak. 

Calcutta. 

Tasofakent. 

BataTia. 

Madias. 

Bombay. 

Victoria. 

Jmjew. 

Tifli& 


2.1 
5.6 
8.4 
28.1 
49.0 
53.3 
57.3 
00.9 
(VlH 
62.8 
•77.3 
68.8 


Time  taken 

in  tzanait 

byP,. 


m 

1.0 

1.7 

2.2 

5.6 

8.0 

9.8 

lOi) 

10.6 

10.1 

10.2 

1\A 

11.4 


Place  of  obaei- 
TatioD. 


Nlkoli^few. 

Hamlmig. 

Stzaaaboig. 

Trieate. 

Pbla. 

Plidofa. 

Shide. 

Firenze. 

Boma. 

Koocadi  Papa. 

Iflcfaia. 

Catania. 


Epicential 
distance. 


72.7 
76.9 
82i) 
82i) 
82.6 
83.0 
83.4 
84.5 
85.6 
85.6 
86.3 


Time  i 
in  tianst 
byP, 


11.5 
11.9 
12.2 
11J< 
12.6 
12.7 
12.3 

ll.*(?) 

13.0 

13.2 

12.9 

I3i) 


Eqke,  No.  3. 


Place  of  obser- 

Epioentral 

Time  taken 
in  tranfiit 

Place  of  obser- 

Epicential 

Time  taken 
in  transit 

vation. 

distance. 

by  Px 

1          yation. 

distance. 

by  P,. 

m 

i 

m 

MizQsawa. 

2:6 

0.8 

Nikolajew. 

72!3 

11.5 

Tokyo. 

6.2 

1.5 

Hamburg. 

76.6 

11.7 

Osaka. 

8.7 

19 

Straasbarg. 

81.5 

12  3 

Irkutsk. 

27.8 

5.3 

,    Trieste. 

81.6 

12.1 

Taschkeot. 

53.1 

8.4 

,    Sbide. 

82.7 

11.6 

Bombay. 

62.5 

10.1 

j    Firenze. 

84.1 

11.1  (?) 

Jmjew. 

66.8 

10.6 

Boma. 

85J2 

12.8 

Tiflis. 

68.5 

n^ 

1 
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The  mode  of  propagation  of  the  earthquake  motion  may  be  under- 
stood f]x>m  the  graphical  representation  given  in  Fig.  1.  The  cuiifes 
in  the  figure  have  been  drawn  according  to  the  following  method:  — 
Marking  down  as  usual  on  a  section  paper  so  many  points  correspond- 
ing to  the  different  sets  of  the  epicentral  distance  (x)  and  the  time  taken 
in  transit  (y)y  a  continuous  free-hand  line  was  drawn  connecting  the  4 
left-hand  points  and  thence  a  straight  line  determined  by  the  method 
of  Least  Squares  from  the  5  points  for  Irkutsk,  Calcutta,  and  the 
3  mean  places  for  the  stations  whose  epicentral  distances  are  53^-63^, 
67^-77°,  and  82^-88^^  in  Eqke.  No.  2,  and  from  the  4  points  for  Irkutsk, 
Taschkent,  and  the  2  mean  places  for  the  stations  whose  epicentral 
distances  are  62°- 77*'  and  8r-86''»  in  Eqke.  No.  3  The  Imear  relation 
seems  to  hold  approximately  for  a  distances  as  near  as  10^,  but  the 
observations  at  comparatively  near  distances  having  been  scanty,  tliis 
part  of  investigation  must  be  reserved  for  a  future  occasion. 

The  transit  velocity  comes  out  from  the  above  mentioned  straight 
line  to  be  14*3  and  14*1  km.  per  sec.  in  Eqkes.  Nos.  2  and  3  re- 
spectively. These  values  ai-e  nearly  equal  to  those  obtained  by  Pixjf, 
Omori  as  a  result  of  his  mtn-e  recent  investigation.*^ 

July  26,  1904. 

Seismological  Institute,  Tokyo  Imp.  Uuiv. 


i-3     Firenze  is  umittecl. 
.3        l*rof.  Omori :    The  Pubiicaiionsy  No.  13. 
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APPENDIX.    EARTHQUAKE  OBSERVATIONS  AT  THE  METE- 
OROLOGICAL OBSERVATIONS*    (THE  TIMES  ARE 
GIVEN  IN  THE  FIRST  NORMAL  JAPAN  TIME). 

Eqke..  No.  1.    Juu.  29Ui  1902;  231i. 


Mera.       •        • 

•  •2r>"'  o\ 

Wejik. 

Gentle. 

Yokosuka. 

•  25  30. 

Do. 

Diiratiou  long. 

Tokyo.     •■ 

•  25    y. 

Slight. 

Kaimyama. 

•  25  10. 

Do. 

Diu'atiou  short. 

Maebaslii 

25  15. 

Do. 

Mito 

•  25  42. 

Do. 

(Jentle. 

Choshi.    •■•     • 

•  25  45. 

Do. 

]3uration  short. 

Niigano. 

26    0. 

Do. 

KuniagHO 

•26  28. 

l>o. 

Miyuko.  •■•     • 

■  27  15. 

Do. 

CicLtle. 

Mutsumoto 

•  27  55. 

Do. 

Akita,      •••     • 

•  •27  58. 

Do. 

Enkusliiuia.     • 

•  ;K)  54. 

Do. 

Utsimomiya.  • 

•  ■34  48. 

Do. 

(leutle. 

Eqkc.  No. 

7.     May  28tli  1902;  181i. 

Kusliiix>.  ••• 

••  r"53\ 

Stix)Ug  (rather  violent) 

.  Shai-p,  liouses  shaken. 

Tokjichi,  ••• 

2  15. 

Weak. 

Sharp. 

Nemmx).  ••• 

•  1  18. 

Weak 

(rather  slight). 

Duration  long. 

Abasliiri.-      • 

•  1     5. 

Slight. 

Sappoixj.  •  •  •     • 

•  2  50. 

Di^ 

Gentle. 

Aomori.  ••• 

•■  3     6. 

Do. 

Sharp. 

31iyako. 

•  3  12. 

Do. 

Sharp,  accoui))anie<l  by 
vertical  movement. 

Wajimti.  ■••     • 

•  •  4     8. 

Do. 

Mito.        •        • 

•    4  30. 

Do. 

Shai-p, 

Ishinomaki. 

•    3  10. 

Sliglit 

(uufelt). 

Fukiisliima. 

•    4  12. 

Do. 

*  ()l>8orviitious  ot  E<jkcs.  Nas.  "J,  3, 1,  5,  G,  H,  tiud  lU  urc given  in  the  Publications^  No.  10. 
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Akibi.       •• 

4  47. 

Do. 

Kuinagae. 

••  5-11'. 

Do. 

Tokyo.      ...     • 

•    5  20. 

Do. 

Eqke.  No. 

YokoLama 

Tokyo.     ...     . 

Yokosnka. 

Kumagae. 

9.    Juue  23ixl  1902 ;  71i. 
42'"58'.    Shvng  (nvther  weak). 

42  20.     Weak. 

•  42  35.      Do. 

•  42  40.      Do. 

j  Sharp,  acoompauied  by 
j     veitical  luovemeut, 
(        houses  shaken. 

Sharp. 

1  Sliarp,  accompanied  by 
1     vertical  movement. 

Gentle. 

Mito.       ..      . 

•  42  40. 

Do. 

Do. 

l^nmazn. . .  •     • 

•43  40. 

Do. 

Do. 

ill 

45  40. 

•  40    0. 

43  11. 

Do. 
Weak  (i-atlier  slight). 
Do. 

Houses  shaken. 
( Accompanied  by  earth- 
1         quake  sound. 

Houses  shaken. 

Nagano.  ■••     • 

"42  58. 

Slight. 

l^uration  long. 

Utsnnoiniyn.   ■ 

44  20. 

Do. 

Gentle. 

Wajima.  •  • 

•45  20. 

Do. 

Matsnmoto.     • 

•  42  17. 

Slight  (uufelt). 

Dui-ation  long. 

Maebaslii. 

•43  10. 

Do. 

Fnkushima.     • 

•  43  11. 

Do. 

Nagoya.  ••• 

..43  17. 

Do. 

Gentle. 

lida. 

•  43  24. 

Do. 

Hikone.  •••     • 

•43  40. 

Do. 

Isliiuomaki. 

•43  49. 

Do. 

Fukui.     •••     • 

•  44    0. 

Do. 

Yagi.       ... 

•44  45. 

Dx 

Gifu.         •■     • 

•47  23. 

Do. 

E<ike.  No. 

11.     July  8th  1902  ;  231i. 

Tokachi.  •••     ■ 

•  6'"  0'. 

Weak. 

Gentle. 

Hakodate. 

.•  5  13. 

Weak  (rather  slight). 

Sharp. 

Aomori.  ••• 

-  8  42. 

Do. 

Windows  rattled. 

Miyako.  ••■     • 

..  3  39. 

Slight. 
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Sapporo.   •  •     • 

•  5  39. 

Uo., 

Ishinomaki.    • 

•  7'"2y'. 

Do. 

Akita.      ••      • 

•    7  41. 

Do. 

Nemuro.  •••     • 

•  7  56. 

Do. 

Gentle. 

Wajima. 

•  8  23. 

Slight. 

Kumagae. 

•  4  12. 

Slight  (uiifelt). 

Mito.        ••      • 

••  8    0. 

Do. 

Tokyo.     •• 

8  36. 

■  Do. 

Yokohama. 

••  y  29. 

Do. 

Geutlc. 

Eqke.  No. 

12.     July  10th  1902;  19h. 

Hakodate. 

56'»35^ 

Weak  (i-ather  slight). 

Sharp. 

Miyako.  •••     • 

o5(?)38.  Slight. 

Aomori.   •  •  •     • 

•57    6. 

Do. 

Shaip. 

Nemuro.  •••     • 

57  27. 

D<). 

Geutle. 

Wajima.    •  •     ■ 

58  12. 

Do. 

Sapporo. 

•58  30. 

Do. 

.  Geutle. 

Akita.      ••• 

57  30. 

Slight  (uiifelt). 

Fukoshima.    - 

57  55. 

Do. 

Tokyo.     •••     • 

■59  30. 

Do. 

Mito.        •••     • 

•GO  27. 

Do. 

k 


Eqhe.  No.  Vi.     Aug.  3ixl  l'.t02 ;  lOh. 
Nemuro.    ••     ••  :]8'"  0».     Slight.  Geutle. 

Fukuahima.     ••••42  40(!').  Slight  (uufelt). 
Kauayunm.      •44  55.      Do. 
Akita.      47  36(y).Di.. 

Kjlcv.  No.  14.    Aug.  7th  1902;  I8h. 
Aouiori.   19"'17\    Wejik  (rather  slight).     Guiitlo. 


Wajima.  ■•• 

•  21     6. 

Slight. 

Akita.       •• 

•18  52. 

Slight  (uufelt) 

Kanayaina. 

•20  13. 

Do. 

Ishinomaki. 

•21  37. 

Do. 
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Mito. 

.     ...22'"  3". 

Do 

Tokyo.     •• 

•      -22  18. 

Do 

lida.  ••     .. 

•     -23    5. 

Do. 

Gentle. 


Eqke.  No.  15.    March  21st  1903 ;  19  li. 


Euie. 

..36*"10». 

Strong. 

Asliiznrizaki. 

...35    0. 

Stmng  (rather  weak). 

Sharp,  houses  shaken. 

Oita. 

...35  38. 

Do. 

[Accompanied  by  verti- 
cal movement,  clocks 
stopped. 

Mnrotozaki 

..  35  40. 

Do. 

Houses  shaken. 

Niiliama  ••• 

...36    6. 

Do. 

Duration  long. 

HiroBliima 

...36  25. 

Do. 

Windows  rattled. 

Miyazaki*- 

...37    0. 

Do. 

Sharp,  houses  shaken. 

Tadotsu    •• 

...41  58. 

Do. 

Accompanied  by  verti- 
cal movement,  houses 
shaken. 

Hamada  ••• 

...32    0. 

Weak. 

Houses  shaken. 

Ajino 

.32    3. 

Do. 

Clocks  stopped. 

Kochi      ... 

...35    7. 

Do. 

Duration  long. 

Matsnjama 

...35  50. 

Do. 

Accompanied  by  verti- 
cal movement,  houses 
shaken. 

Sakai       ... 

...36    0. 

Do. 

Houses  shaken. 

Beeshi     ... 

...36    0. 

Do. 

Accompanied  bv  eartli- 
quake  sound,  houses 
shaken. 

Okayama 

.36  25. 

Do. 

Houses  shaken. 

Kyoto      .•• 

...37  10. 

Weak  (rather  slight). 

Gentle. 

Kumamoto 

...37    6. 

Do. 

Duration  long. 

Miyazn    ... 

...37  10. 

Do. 

Do. 

Fuknoka •  •  • 

...37  20. 

Do. 

Do. 

Saga        ... 

...37  25. 

Do. 

Windows  rattled. 

Shimonoseki 

..■37  32. 

Do.                                 1 

Accompanied  by  verti- 
caI  movement,  houses 

(     shaken. 
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Tokiisliima       .-37"'  0\  Slight. 
Kogoshima     •••37     4.       Do. 

Fiikni      37  15.       Do. 

Hikone    36  35.  Slight  (uufelt). 

Osaka      37  17.       Do. 

lida 52  35.  Slight. 


Gentle. 

Duration  long. 
Sharp. 
Gentle. 


Eqkc.  No,  10,     April  1st  1903  ;  23  li. 


Tshinomaki 

Kanayama 

Miyako    ••• 

Fukushima 

Yokohama 

Enmagae 

Matsumoto 

Mayebashi 

Yamakata 

Choshi 

Tokyo      ••• 

lida 

Utsunomiya 
Aomori  •  •  • 
Einkwasan 


8'"57\    Weak.  Houses  shaken. 

8  37.     Weak  (rather  slight).     Duration  short. 


•  ••  C     1. 

•  ••  8  38. 

•  ..  9  52. 

8  51. 

•  •  8  53. 
...  9  24. 
...  9  25. 

..  9  57. 
...10    0. 

•  10  8. 
...10  53. 

11  15. 
•12  30. 


Slight. 

Do. 

Do. 
Slight  (unfelt). 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Duration  long. 


Gentle. 


Shup. 


Duration  shoii. 


Eqhe,  No,  n.     Aug.  10th  1903;  13  h. 


Taknyania 

...37'"3^l^    Weak  (rather  slight). 

Shai*p,  accompanied  by 
earthquake  sound, 
houses  shaken. 

Kyoto 

...34  19.     Slight. 

Gentle. 

Fushiki      .• 

...39  40.     Slight  (nnfelt). 

Katsunioto 

...40    4.(?)Sliglit. 

Hikone    ... 

...40  12.       Do. 

Gentlo. 

Tsu 

..  40  15.       Do. 

EARTHQUAKE  MOTION  ORIQINATINO  AT  A  NEAB  DISTANCE. 
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Tokyo      •••     • 

•  41""  0". 

Slight. 

lidft 

•41  48. 

D(). 

Nagoya     •  ■     • 

•  :59  42. 

Slight  ^unfolt). 

Fukm       •• 

•  41     0. 

Do. 

Kobe         •• 

41     7. 

Do. 

Eqlce.  No. 

18.    Ag 

a.  10th  1903;  13  b. 

Takayama 

•  •48"'52". 

Weak  (rather  slight). 

Sharp. 

Wajima    •  •  •     • 

46  20. 

Slight. 

Duration  short. 

Tokyo      •••     • 

-46  35. 

Slight  (unfelt). 

Fnshikl     ••     ■ 

■  47  28. 

Slight. 

Nagoya   •  •  •     • 

•  45  47. 

Slight  (unfelt). 

lida 

.  46  10. 

Do. 

Matsomoto 

•  •46  25. 

Do. 

Eqke.  No. 

19.    Aug.  14tb  1903;  Ob. 

Ensbiro  •••     • 

..46""  5". 

Stroug  (ratlier  weak). 

Duration  short. 

Tokachi   ••• 

.48  30. 

Weak  (rather  slight). 

Sharp. 

Wajima   •  •  • 

•  47  10. 

Slight. 

Gentle. 

Nemuro  •••     • 

47  29. 

Do. 

Do. 

Hakodate. 

•48     5. 

Do. 

Do. 

Ishinotnakt. 

•  49    0. 

Slight  (unfelt). 

Milo. 

50    2. 

Do. 

Gentle. 

Aomori.     • 

50  13. 

Do. 

Eqke.  No. 

20.    Oct.  11th  1903;  lb. 

Toizaki.  •••• 

37"'25". 

Strong. 

Sliarp,  bouses  shaken. 

Miyazaki. 

41  19. 

Do. 

Sharp,  accompanied  bj 
vertical  movement. 

EagoBbima.    • 

41  30. 

Weak. 

Houses  shaken. 

Oita. 

39    0. 

Do. 

Clocks  stopped. 

Matsnyama.    ■ 

52  22. 

Slight. 

Accompanied  by  veiii 
cal  movement. 
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Kumamoto.     ...41"^42\    Slight  (unfelt). 

Yagi.       42  52.      Do. 

Fukuoka. 44  50.      Do: 


Duration  long. 


Eqhe.  No. 

21.    Dec.  3i-d  1003 ;  17h. 

Miyazaki. 

.53'"  4".    Weak. 

Houses  shaken 

Kagoshima.    . 

•52  45.    Weak  (slight). 

Do. 

Oshima.  •••     • 

•  52  40.    Slight  (unfelt). 

Gentle. 

Kumamoto. 

•53  40.      Do. 

Oita.         ••     • 

•52  45.    Slight. 

Eqke.  No.  22.    March  18th  1904;  22h. 


Nemuro. 


.24'"32\    Weak. 


I  Liquid  in  vessels  over- 
I     flowed. 


Akita.      • 

44  52. 

Do. 

Duration  long. 

Ai.mori.   • 

••         45     1. 

Do. 

Windows  rattled. 

Kushiro.  • 

•  •     -49  40. 

Do. 

Clocks  stopped. 

'J  oknchi.  • 

•  •         54  12. 

Do. 

Houses  shaken. 

Aba.shiri. 

44  40. 

Weak  (rather  slight). 

Accompanied  by  earth- 
qunke  sound. 

Ishinomnli 

[i.     -57  31(?).  Do. 

Sliann. 

••     ••  4i  50. 

Slight. 

Gentle. 

Kumagae. 

•  45  12. 

Do. 

Duration  long. 

Tokyo. 

•      -46  15. 

Do. 

Gentle. 

Nagano.  • 

40  40. 

Slight  (unfelt). 

Duration  long. 

lida...     . 

46  53. 

Do. 

Gentle. 

Maeba.shi. 

-47  31. 

Do. 

Matsumot 

0.     •••47  48. 

Do. 

Gentle. 

Wiyako-  • 

43  56. 

Slight. 

Accompanied  by  eax-th- 
quake  sound. 

Hakodate 

••45     6. 

Do. 

Mito. 

45    0. 

Do. 
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Eqke.  No.  23.    April  13th  1904 ;  14h. 


Miyako.  •••     • 

••37"'52'. 

Slight. 

Accompauied  by  verti 
cjvl  muvemeut. 

Ishinomaki.     • 

•  38    8. 

Do. 

Gentle. 

Akita.      •• 

38  16. 

Do. 

Do. 

Kumagne. 

.  38  64. 

Slight  (uufelt). 

Aomoii.   •  ••     • 

38  64. 

Do. 

Utsmiomiya.   • 

S9    6. 

Do. 

Tokyo.        •     • 

•  39  42. 

Do. 

Gentle. 

FukushiiUHi. 

■  38  23. 

Do. 

Eqke.  No. 

24.    May  27th  1904 ;  5h. 

Mera.      •  ■  •     • 

40'"  0". 

Weak  (rather  slight). 

Houses  shivken. 

Yokosuka. 

•  40  20. 

Slight. 

Windows  rattled. 

Tokyo.     •  ••     • 

•  41  49. 

Do. 

Gentle. 

Yokoliama. 

"32  26. 

Slight  (uufelt). 

Do. 

Kofu.       •••     • 

41    3. 

Do. 

Do. 

Kumagae. 

•41     7. 

Do. 

Ishinomaki. 

■41  50. 

Do. 

Mito,          •     • 

•42  50. 

Do. 

¥ig.  1.    Relation  between  arciial  eplcentral  distance  and 
time  taken  in  transit  by  the  1st.  preliminary  tremor. 
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Knmamoto.     • 

..41'"42". 

Slight  (unfelt). 

Dnration  long. 

Yagi.       ...     . 

"42  52. 

Do. 

Fukuoka.-  •  •     > 

•  •44  50. 

Do: 

Eqke.  No. 

21.    Dec.  3ixl  1003 ;  17h. 

Mijazaki. 

..53'"  4'. 

Weak. 

Houses  shaken, 

Kagoshima.    •• 

.52  45. 

Weak  (slight). 

Do. 

Oshima.  •••     • 

52  40. 

Slight  (unfelt). 

Gentle. 

Kamamoto. 

•53  40. 

Do. 

Oita.         ••     • 

•52  4.5. 

Slight. 

Eqke.  No.  22.    March  18th  1904;  22h. 


Nemuro.  •.• 

..■24"'32". 

Weak. 

Liquid  in  ves.sels  over 
flowed. 

Akita.      ••. 

-44  52. 

Do. 

Duration  long. 

At.moi'i.   ••• 

•  45     1. 

Do. 

Windows  rattled. 

Kiishiro,  ••• 

•   49  4(1. 

Do. 

Clocks  stopped. 

'J  okachi.  •  •  ■ 

•    54  12. 

Do. 

Houses  shaken. 

Abashiri.  •• 

•44  40. 

Weak  (rather  slight). 

Accompanied  l>y  earth< 
qunke  sound. 

Ishinonmki. 

...57  31(?).  Do. 

Sliiinn.     ■•• 

•  44  50. 

Slight. 

Grentle. 

Kumagae. 

45  12. 

Do. 

Duration  long. 

Tokyo.       •• 

•46  15. 

Do. 

Gentle. 

Nagano.  ••• 

■  AG  40. 

Slight  (unfelt). 

Duration  long. 

lida. 

•46  53. 

Do. 

Gentle. 

Maebashi. 

...47  31. 

Do. 

Matsumoto. 

•  ••47  48. 

Do. 

(^Jentle. 

Miyako.  ..■ 

...43  56. 

Slight. 

Accompanied  by  eai-tli- 
quake  sound. 

Hakodate. 

•  ••45    6. 

Do. 

Mito. 

•45    0. 

Do. 
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A  Tide  Rectifier, 

or 

An  Instrument  for  eliminating  the  tidal 

components  from  Tide-gauge  Diagrams. 

By 
T.  Terada,    IHgakmhi 


W^ith  Plates  XXVII-XXVIII. 

The  redijier,  whose  object  is  to  eliminate  the  principal  tidal  com- 
ponents of  oscillations  from  tide  gauge  '  diagrams,  may  bo  of  some 
interest  in  connection  with  the  study  of  the  oscillations  of  sea  water, 
which  is,  under  tlie  direction  of  Prof.  H.  Nagaoka,  being  carried  on 
by  the  Imperial  Earthquake  Investigation  Committee.  The  details 
of   the  instrument  are  given  in  PL  XXVII. 

Each  of  the  diagrams  to  be  rectified,  which  were  obtained  by  a 
portable  mercury  tide-gauge  constructed  after  Mr.  Nakamura's  design'^ 
consists  of  minor  waves  of  periods  i— 2cra.  in  length,  superposed 
on  the  tide  waves  of  period  over  20  cm.  To  effect  the  elimination 
of  the  larger  waves  from  such  a  curve,  the  conditions  to  be  fulfilled 
by  the  instrument  are  as  follows : — 

1 )  While  a  point,  say  B  (fig.  1),  traces  a  simple  harmonic  cui*ve, 
another  point,  say  A,  describes  a  straight  line. 

2 )  The  deviation  of  the  tracer  B  from  simple  harmonic  curve  is 
faitlifully  reproduced  on  the  straight  line  described  by  A, 


1 )  8.  Nnkamura.  Ou  a  portable  mercmal  tide-gange.  Tokyo  Sugaku-ButBu.  G.  K. 
Qaiyo  (Ueports  of  the  meetiDgs  of  the  Tokyo  Fkysioc-Mathematical  Society)  VoL  I,  No. 
15,  1902. 
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3 )  Tlic  iiistrnment  mast  be  adjustable  to  carves  of  diflkieut 
periods  and  amplitades. 

Simplicity  of  the  constractiou  as  well  as  the  opeiaiiou  is  also 
desirable. 

To  folfil  the  above  conditions.,  pantographic  joints  (PL  XXYII.  JJJ) 
are  made  ose  of.  The  central  pivot  (C)  is  fixed  to  a  slide  {S)  which  is  pat 
in  an  oscillating  motion  of  simple  harmonic  type  in  the  direction  of  ACB 
with  half  the  amplitude  of  tliat  of  the  carve  to  be  rectified,  while  the 
system  moves  in  a  direction  perpeudicnlar  to  ACB.    Referring  to  Fig. 

1,  it  A,  C,  B  are   the  joints, 


Fig.  1. 


we  have  always 

AC=BC. 
If  the  ordinate  of  the  tidal 
carve   be   represented   by  y^ 
we  may  put 

^=af  bsinnx 


+J;6. 


»M  sm  n^x. 


Now,  let  C  describe  a  curve 

/      a  ,   b   ' 
if  =  — — sm  itx 

•^       2      2 


If  the  path  of  A  be  represented  by  //", 


=-2b. 


sm  n^x 


Tlie  negative  sign  shows  tliat  the  minor  waves  are  reproduced.  If 
the  minor  oscillations  were  to  be  reproduced  in  a  magnified  or  reduced 
amplitude,  the  ratio  of  the  anna  of  the  joints  is  to  be  changed  accord- 
ingly.    In  this  case 

*(z/-//')-//'-//" 

{k+l)!/'=hj+y" 
lf  —  a-\l)  siu  nx  +  ^  b^  sin  n^,r 
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i.  e.  to  maguify  by  /»:   times,  the  amj  litude  of  C  must  be  adjusted   to 

k 
times  tli:it  of  the  curve  to  be  rectified. 

k+1 

The  simple  liarmoDic  motion  of  the  slide  (S)  is  actuated  by  a  peg 

(P),  which  slides  smoothly  in  a  groove  ((?),  cut  in  tlie  slide  pei-pen- 
dicnlar  to  ACB,  and  fixed  to  a  proper  point  of  the  crank  (K)  rotating 
with  the  conical  wheel,  ( W)  when  the  wheel  rolls  on  the  rail  (Ri).  Tlie 
motion  of  the  tracer  (B)  and  the  pen  (A)  is  guided  by  the  rails  {LL). 
The  whole  frame-work  rests  and  rolls  on  two  rails  (Ri)  and  {R^).  Tlie 
latter  is  run  over  by  a  rectangular  groove  upon  which  fit  two  rollers 
attached  to  the  frame.  The  former  (^i)  has  a  sharp  edge  on  which 
the  conical  wheel  rolls.  The  rail  i-ests  on  an  inclined  plane,  parallel 
to  the  generating  line  of  the  cone  passing  tlurough  the  point  of  con- 
tact with  the  edge,  so  that  if  the  rail  is  shifted  parallel  to  itself,  the 
plane  of  rotation  of  the  wheel  remains  unaltered.  The  edge  is  stretched 
over  with  a  thin  sheet  of  cautclioiic  to  prevent  the  dead  slip. 

The  period,  i.  e.  the  distance  swept  over  by  the  instrument  in  one 
1-evolution  of  the  wheel,  is  determined  by  the  point  of  contact  of  the 
one  with  the  rail  (5,).     Referring  to  Fig.  2, 

Z=rcosec« 
The  period  r=2;rr 

T 

1= — cosectf 

27r 
A  table  for  the  values  of  I  for  dif- 
ferent values  of  T,  may  facilitate  tlie 
adjustment. 

Tlie  adjustment  for  the  amplitude,  may  be  performed  by  shifting 
the  peg  (P)  to  a  pi-oper  distance  from  the  axis  of  the  crank,  by  means 
of  a  nut  fixed  to  the  peg,  and  a  screw.     The  position  of  (P)  may   be 


Fig.  2. 
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read  on  :i  scale  on  the  side  of  the  crank.  When  these  adjustment 
have  been  made,  the  instrument  is  ready  for  the  operation. 

Since  the  tidal  curve  is  by  no  means  simple  harmonic,  the  elimi- 
nation of  a  single  component  is  not  generally  sufficient  for  the  perfect 
rectification  of  a  sheet  of  marec^ram  which  contains  maxima  or  minima 
of  different  amplitudes.  Tliough  this  may  be  achieyed  by  successiye 
eliminations,  it  seems  more  plausible  for  the  practical  purpose  to  pro- 
ceed as  follows,  llie  curve  is  rectified,  j%s  it  were,  piece  by  piece,  i.e. 
we  divide  the  cuitc  into  a  number  of  portions  each  of  which  may 
approximately  l)e  i-egai*ded  as  simple  harmonic,  I'ectify  ihem  succes- 
sively and  arrange  the  rectified  pieces  into  a  continuous  line.  Fig.  1, 
PL  n  rectified  in  this  way  gives  Fig.  2.*^ 

The  following  are  some  of  the  other  applications  of  the  instru- 
ment :— 

1 )  If  the  tracer  and  the  pen  are  interclianged  and  the  former  is 
dmwn  along  a  straight  ruler,  the  latter  describes  a  simple  liarmouic 
curve  of  desired  size,  provided  suitable  adjustments  be  made. 

2  )  If  the  simple  harmonic  curve  thus  obtained  be  brought  under 
the  tracer  and  the  phase  of  the  crank  ns  well  as  the  position  of  the  peg 
and  the  rail  be  properly  adjusted,  w^e  may  obtain  a  curve  which  is  com- 
])osod  of  two  simple  harmonic  curves  of  desired  size  and  phase  differ- 
ence. By  successive  operations,  any  desired  numbei-s  of  simple  harmonic 
curve  may  be  composed,  as  long  as  the  amplitude  of  the  resultant  curve 
does  not  exceed  the  limit  as  is  naturally  determined  by  the  length  of 
the  rails  {LL). 

3 )  Tlie  instrument  seems  to  \ye  particularly  adapted  for  rectify- 
ing diagi'ams  of  alternate  currents  such  as  those  given  by  Dudell's 
oscillogi'aph. 


1 )     Here,  the  inverted  cnrvo  ia  inverteil  once  ir.ort*  by  incauB  t»f  a  (racing  \m\H  r. 
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Note  on  the  Horizontal  Pendulum 
Observations  at  Osaka. 

By 

F,  Omoriy     Rigakushi,  Rxgakuhakushi, 
Member  of  the  Imperial  Karthquake  InvestigrAtion  Committee. 


With  Plate  XXIX. 

1.    Introduction. 

Tlie  coDtinuous  earthquake  observation  at  tlie  Osaka  Meteorological 
Observatory  was  commenced  in  1901  with  an  Omori  Horizontal  Pendu- 
lum'^ of  multiplicalion  0  and  of  free  period  of  vibration  of  25  sec,  set 
up  so  as  to  record  the  EW  component  motion,  and  254  eai-thquakes 
liave  been  there  recorded  in  the  coui-so  of  2  years  7  months  between 
June  1901  and  Dec.  1903.  Tlie  following  notes  are  based  on  the 
results  of  analysis  of  the  diagi-ams  of  these  earthquakes  and  of  pulsatory 
oscillations  given  by  Mr.  N.  Shimono,  Director  of  tlie  Observatory, 
in  Nos.  land  2  of  the  **  Osaka  Chido  Kausoku  Hokoku "  {Re])orts 
on  the  Horizontal  Pendulum  Observations  of  Ejirthcjuakes  at  Osaka). 

2.    Pidsntory  OsciUntfonH. 

(a)  Frequenci/,  Tlie  following  table  gives  the  number  of  days,  on 
which  pulsatory  oscillations  occurred,  in  each  of  the  months  l)etween 
June  1901  and  Deceml>or  1903,  as  well  as  the  total  monthly  duration 
of  storms  of  these  movements  in  1903. 

1)   The  instrnmpnt   was  of  Rimple  conKtrnction,   which  is  similar  to  tlat  shown  in 
PI.  in,  the  PuUications,  No.  5. 
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^\     Year. 

ToUl  monthly 

"••n.^ 

1901. 

1902. 

19()3. 

Mean. 

1      dontion 

Month>\ 

1        (1903). 

Dnys. 

Days. 

Days. 

Day.. 

r 

Honzs. 

Jan. 



y 

17 

13.0 

288 

Feb. 



11 

13 

12.0 

1        228 

March. 

— 

8 

12 

10.0 

192 

April. 

— 

8 

5 

6.5 

72 

May. 

— 

8 

8 

8.0 

108 

June. 

— 

5 

5 

5.0 

60 

July. 

__ 

3 

6 

4.5 

108 

Aug. 

— 

6 

1 

3.6 

12 

Sept. 

2 

4 

2 

2.7 

24 

Oct. 

5 

9 

If) 

10.0 

324 

Nov. 

5 

8 

9 

7.3 

108 

Dec. 

12 

19 

Ifi 

15.7 

312 

Sum. 

— 

98 

110 

104. 

i 

1836 

From  figs.  1  and  2,  PI.  XXIX,  which  illustmte  graphically  the 
iTjsults  contained  in  the  above  table,  it  will  be  seen  that  the  frequency  of 
pukatorj'  oscillations  in  the  months  April  to  September  is  much  smaller 
than  in  October,  December,  January,  February  and  March.  The 
mean  maximum  and  minimum  monthly  numbers  of  the  days  with 
pulsatory  oscillations  were  respectively  15.7  and  2.7  which  are  in  the 
ratio  of  about  6:1. 

(b)  Period.  In  the  123  cases  of  pulsatory  oscillation  storms, 
observed  during  the  1  year  7  montks  between  June  1901  and  Dec.  1902, 
the  average  period  of  vibration  varied  between  3.1  and  6.9  sec,  and 
liad  a  general  mean  of  5.1  sec.;  the  number  of  cases,  in  which  tlie 
average  period  was  l)etween  4.0  and  5.9  sec.,  l)eing  ll-t.  Again,  in  the 
113  cases  of  pulsatory  oscillation  storms  in  the  year  1903,  the  average 
period,  with  a  single  exception  of  2.4  sec,  varied  Ijetween  3.0  and  6.4 
sec,  and  had  the  geveral  mean  of  4.9  sec;  the  number  of  cases,  in  which 
the  average  i^eriod  was  l)etween  4.0  and  5.9  sec,  l)eing  100. 

Tlius    the  mean    period  of  vibration    of    pulsatory  oscillations  at 
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Osaka  may  be  taken  at  about  5.0  sec.,  which  is  not  much  different 
from  one  of  the  fundamental  vibration  periods  at  Tokyo,  namely,  4.4 
sec.*^ ;  the  other  fundamental  period  of  pulsatory  oscillations  at  Tokyo 
being  8.0  sec.  It  is  probable  that  a  careful  examination  of  the  Osaka 
diagnims  will  also  indicate  the  existence  of  pulsatory  oscillations  of 
about  8  sec.  period,  as  is  to  be  inferred  from  the  presence  of  vibrations 
of  such  peiod  in  the  preliminary  tremoi-s  and  the  end  portion  of 
earthquakes  observed  at  the  same  place.  (See  next  §.)  I  may  here 
note  that  pulsatoiyr  oscillations  of  about  8  sec.  period  have  also  been 
observed  at  Leipsic  with  Prof.  Wiechert's  astatic  pendulum.*^  It 
may  be  that  the  predominating  period  or  x>eriod8  of  pulsatory  oscil- 
lations, which  are  characteristic  to  the  diffei'ent  places  of  observation, 
are  approximately  constant  all  over  tlie  world. 

•V.    Periods  of  earthquake  vihrattoiis. 

The  254  earthquakes  before   mentioned  are  divided,  according   to 
origin,  into  the  following  nine  groups:  — 

Gix>up  I.  Distant  earthquakes.     (46  earthquakes.) 

Group  II.  Earthquakes  which  originated  off  the  eastern  coast 
of  Hokkaido.     (6  earthquakes.) 

Group  III.  Eaiihquakes  which  originated  off  the  north-eastern 
coast  of  the  Main  Island.     (33  earthquakes.) 

Group  IV.  Eaiihquakes  in  the  vicinity  of  Tokyo.  (55  earih- 
quakes.) 

Group  V.  Earthquakes  in  Central  Japan.     (11  earthquakes.) 

Group  VI.  Earthquakes  in  the  Kinai  Provinces.  (27  earth- 
quakes.) 

Group  VII.       Earthquakes  in  Kyushu.     (15  earthquakes.) 

1).    F.    Omori ;    Horizontal  x^^Qd^Iun^  obsevatiouB,  etc.    The    PMications,  No.  13. 

2).  Franz  Etzold :  Bcricbt  uber  die  von  Wieoherts  astatischem  FeDdelseismometer 
in  Leipzig  Yom  1.  Janiiar  bis  30.  Juni  1903  regiBtrierten  Fembeben  und  PulsatioDen. 
Berichte  der  xnathem.  ^ysiciiem  Klasse  der  K.  Stfohii.  Gresellschoft  der  AViasenschaften 
ZQ  Leipzig,  1903. 
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Group  VIII.     Earthquakes  in  Formosa  and  off  the  Lyu-Kyu   Is- 

lauds.     (15  earthquakes.) 
Group  IX.        Local  earthquakes,  or  those  wliich  origiuated  in  the 

immediate  vicinity  of  Osaka.     (36  eiu'thquakes.) 

As  the  Osaka  instrument  liad  a  too  gi*eat  stability,  there  appealed 
very  often  proper  pendulum  oscillations  in  the  principal  part  of 
eai-thquakes,  consequently  I  take  hei-e  only  the  preliminary  tremoi-s  and 
the  end  poiiion,  for  which  the  average  values  of  the  different  kinds 
of  |)eriod  ai-e  as  follows,  the  figures  within  brackets  indicating  the 
number  of  cases  fi-om  which  the  i-espective  values  of  the  periods  have 
been  deduced. 

I'ERIODS  OF  VIBRATIONS  AT  OSAKA. 
(EARTHQUAKES  OF  GROUPS  I-IX.) 


^      ,        Group. 

PhnBo  of 
etike.  motion. 

I.  11, 

VIII. 

m,  IV,  VII. 

v, 

VI. 

IX. 

1st  Preliminary 
Tremor. 

sec. 
1.7 
2:1 

\% 

7.5 

(3) 
(20) 
(•i5) 
(C) 

sec. 

Bee. 

sec. 

2nd  Preliminary 
Tremor. 

1.2 
2.4 

II 

(1) 
(2) 
(15) 
(20) 

(«) 

1st  Hiiil  2  ml 

l*reliminary 

Tremors 

lukeii  together. 

4.7      (i^n 
7.1       (  a  ) 

15.G         (  4  ) 

0.8 
1.4 

2.7 

5.(; 

(H) 
(14) 

(1) 

cn 

1.7        (3) 
3.2       (7) 

4.9       (9) 

2.4      (14) 
6.0      ( ^5 ) 

8.7         (  3 ) 
15.8         ( 3  ) 

1.4 

(7) 
(8) 
(10) 

2.8        ( 4 ) 
5.1       (7) 

8.1        (3) 

End  portion. 

6.2 
8.8 
14.3 

(*20) 
(7) 
(7) 

HOKIZONTAL  PENDULUM   OBSERVATIONS  AT  OSAKA. 
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In  the  above  table,  tlie  periods  most  frequently  occurring  in  each 
phase  of  the  motion  are  printed  in  thick  lettei's.  The  averages  of  the 
diiTeront  periods  taken  fi-om  the  pi-eliuiiiiary  ti-emoi-s  and  end  portiuu 
iire  as  follows,  tlie  figures  within  the  brackets  having  the  same  sig- 
nification as  befoi-e: — 


0.84  sec 
1.5 
2.7 
3.8 
5.3 
8.2 
15.0 


(  9  ) 
(  28) 
(  59  ) 
(25) 
(103) 
(30) 
(  14) 


Of  these  7  classes  of  periods,  the  tii'st  two  chaiiicterize  tlie  macro- 
seismic  movements  at  Osaka,  the  rest  being  of  the  nature  of  micro- 
seismic  or  insensible  movements.  It  is  to  be  noted  tliat  the  period 
most  frequently  occurring,  namely,  tliat  of  5*3  sec,  is  practically  identical 
with  the  average  period  of  pulsatory  oscillations  at  Osaka.  Periods 
of  vibrations  approximately  equal  to  the  3rd,  5th,  6th,  and  7th  are 
found  also  in  the  earthquakes  observed  at  Tokyo. 


Tokyo.     Aug.,  1904. 
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x=  Month. 
Fig:.  1.  y^MDnihly  number  of  days,  on  which 

Pulsatory  oscillations  took  place. 

X-  Month- 
Fly.  2.  y=  Monthly  number  of  hours  dur:ng  which 
Pulsatory  oscillations  took  place. 
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NOTE. 


This  paper  was  prepared  with  tlie  purpose  of  being  delivered  as 
ail  address  at  the  Congress  of  Arts  and  Science  of  tlio  Ix)uisiana 
Purchase  Exposition  at  St.  liOuis  and  small  number  of  copies  was 
])rinted  for  private  circulation.  l>ut  I  was  prevented  almost  at 
the  last  moment  by  unavoidable  circumstances  from  leaving  Jaixin, 
and  it  luxs  now  been  decided  to  publish  it  as  one  of  the  I^lblica- 
tions  of  the  K.  I.  C.  in  foreign  languages. 

There  is  one  remark  that  I  wish  to  make  here  in  order  to 
prevent  any  misconception  that  may  possibly  arise  from  statements 
in  this  paper.  T  have  stated  that  we  have,  taking  the  whole  of 
Japan,  nearly  14UU  earthquakes  recorded  yearly;  in  Tokyo  alone, 
there  are  about  50  sensible  eailhquakes  in  a  year,  that  is,  about 
once  a  week.  Now  it  might  be  thought  from  this,  that  we  in 
Tokyo  nuist  be  living  in  a  state  of  constant  feeling  of  insecurity, 
l)Ut  this  is  of  course  far  from  l)eing  the  case  :  of  these  50,  large 
number  is  ver)^  slight,  so  slight  that  they  would  not  b(3  noticed  at 
all  except  by  a  special  few  ;  I  may  say  that  only  once  or  twice 
a  year  at  most,  do  people  in  Tokyo  have  occasion  to  feel  even 
temporaiy  and  slight  alarm,  and  yet  Tokyo  is  in  the  most  disturbed 
region  of  Japan. 

I  have  to  express  my  warmest  thanks  to  Prof.  Omori  who 
has  most  kindly  assisted  me  in  eveiy  way,  from  the  first 
getting  together  of  materials  to  the  last  coiTcction  of  proofs,  and 
also  to  Professors  Tanakadate,  Koto  and  Nagaoka,  of  Science 
College,  members  of  the  E.  I.  C,  for  their  valuable  suggestions 
and  criticism  ;  and  to  Dr.  K.  Nakamura,  Director  of  the  Central 
Meteorological  Dbservatoiy,  also  a  member  of  the  E.  1.  C,  for 
giving  me  informations  on  many  points;  likewise  to  Prof.  J^irvis 
of  the  Engineerhig  College,  who  has  looked  over  the  paper  and 
helped   in   seeing  it  through  the  press. 

Aug.  :51st,  190-1. 

Cl).     Kikitchi. 
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RECENT  SEISMOLOGICAL  INVESTIGATIONS 

IN  JAPAN 

CHAPTER  I.    mTBODUGTOBT. 

1»  Japan  is  preeminently  a  land  of  Earthquakes.  The 
number  of  earthquakes  in  the  whole  of  Japan  in  the  year  1903  was 
1349,  which  is  by  no  means  above  the  average.  Since  1872,  15 
earthquakes  have  occurred  sufficiently  severe  to  cause  loss  of  life 
or  serious  damage  to  property :  it  may  be  added  that  this  number 
would  have  to  be  consideraVjly  increased,  if  we  included  such 
shocks  as  would  have  caused  damage  in  Europe  or  America,  where 
building?  are  much  hi^er  than  in  Japan  without  precautions  being 
taken  against  earthquake  shakings. 

S»  The  earthquakes  come  with  such  suddenness,  their  effects 
are  often  so  terrible,  there  is  something  so  mysterious  about  them, 
that  they  have  attracted  the  attention  and  excited  the  wonder  and 
terror  of  our  countrymen  from  the  earliest  times.  The  first 
mention  of  an  earthquake  in  the  authentic  history  of  our  country 
is  in  the  reign  of  Emperor  Inkyo.  A.  D.  416,  when  the  district  of 
Kawachi  was  very  severely  shaken.  Since  then  up  to  the  year 
1867,  over  20CH)  earthquakes  are  recorded  in  history,  of  which 
some  were  very  severe,  causing  considerable  damage  and  loss  of 
life.-^ 

S»     In  1854  (the  year  of  the  conclusion  of  the  first  treaty  with 

1)  ▲  cmUlogne  of  these  earthqimkes  in  EngliBfa  is  giTcn  in  Uie  Joor.  Sc  CoU.  (Journal 
of  theCbUegectf  Sctenoe,T5k7oIiiipemirmT.),VoLXL,pp  315-4S5. 
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the  United  States),  a  gentleman  in  Tosa  counted  the  number  and 
measured  the  intensity  of  the  after-shocks  of  the  terrible  earthquake 
of  that  year  by  observing  oscillations  of  a  swinging  body.  In  1855, 
an  intelligent  shopkeeper  in  Tokyo  is  said  to  have  noticed  that 
some  time  before  the  great  earthquake  of  that  year,  several  nails 
previously  attached  to  a  loadstone  in  his  shop  dropped  from  it ;  a 
physician  thereupon  devised  an  instrument  in  which  this  supposed 
property  of  a  magnet  is  utilized  to  give  warning  of  a  coming  earth- 
quake by  ringing  a  bell. 

It  was  quite  natural,  therefore,  that  when  Western  Science 
and  scientific  methods  began  to  be  introduced  into  Japan,  they 
should  be  applied  to  the  investigation  of  the  seismic  phenomena. 
Soon  after  the  Restoration  of  1868,  the  Government  anxious  to 
introduce  Occidental  civilization  and  knowledge  into  Japan  invited 
Europeans  and  Americans  to  act  as  advisers  to  government  depart- 
ments, and  instructors  in  the  newly  established  schools  and  col- 
leges, and  it  was  mainly  by  these  that  the  scientific  study  of  earth- 
quakes was  first  taken  up.  It  would  be  a  difficult  and  invidious 
task  to  try  to  give  proper  credit  to  each  individual,  but  a  special 
mention  is  due  to  Prof.  Milne,  who  by  his  infectious  enthusiasm  and 
untiring  energy  has  done  more  than  any  other  to  stimulate  interest 
in,  and  to  advance  the  systematic  study  of  the  phenomena.  In 
Seismometry,  the  names  of  Prof.  T.  Gray  and  Prof.  J.  A.  Ewing 
will  stand  forth  most  prominently.  Among  others  to  be  men- 
tioned are  Rev.  C.  F.  Verbeck,  who  made  observations  with 
pendulum  and  other  devices  as  early  as  1872;  Dr.  C.  Wagener; 
Prof.  W.  S.  Chaplin,  who  was  the  first  to  apply  the  horizontal 
pendulum,  now  so  much  employed  in  seismographs,  to  seismo- 
metry; Prof.  C.  I).  West;  and  Prof.  C.  G.  Knott.  The  founding 
of  the  Seismological    Society  of  Japan  in  1880  gave  a  great 
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impetus  to  the  study  of  earthquakes;  16  volumes  of  its  Trans- 
actions,^^ the  last  issued  in  1892,  together  with  4  volumes  of  the 
Seismological  Journal  of  Japan,  which  may  be  regarded  as  a 
continuation  of  the  same,  contain  some  of  the  most  valuable 
contributions  to  the  advancement  of  Seismology. 

4*  In  1875,  Palmieri's  Seismometer^^  was  set  up  in  the 
Central  jMeteorological  Observatory  in  Tokyo,  and  its  indications 
were  reported  in  the  papers.  This  instrument  continued  to  be  in 
use  until  1883,  when  it  was  replaced  by  seismographs  of  the  type 
usually  known  in  Japan  as  Gray-Milne's.  A  modified  and  improv- 
ed form  of  these  seismogi'aphs,  together  with  arrangements  for 
indicating  the  time  of  the  shock,  is  now  in  operation,  not  only  at 
the  Central  Meteorological  Observatory  and  the  Seismological 
Institute  of  the  Tokyo  Imperial  University  with  its  branch  stations, 
but  also  at  71  local  meteorological  stations.     [See  Art.  45.] 

5»  It  had  come  to  be  felt  by  the  more  advanced  among  us, 
not  only  that  the  study  of  earthquake  phenomena  was  of  great 
practical  importance  to  us,  l)ut  also  that  organised  scientific  inves- 
tigation connected  with  soismolog>^  was  a  duty  which  Japan  owed 
to  the  scientific  world.  On  the  practical  side  were  considerations 
of  houses  built  in  foreign  style,  arches,  bridges,  chimneys,  (fee,  new 
to  Japan ;  these  were  designed  and  constructed  without  proper  at- 
tention to  the  probable  effects  of  the  earthquake  shocks  peculiar  to 
this  countiy,  shocks  not  occurring  except  ver}^  rarely,  and  there- 
fore not  being  taken  account  of,  in  the  countries  from  which  these 
structures  were  introduced.     On  the  other  hand,  perhaps  no  other 


1)  Referred  to  subsequently  in  this  paper  as  Trans.  Seism.  Soc. 

2)  A  description  of  this  instrument  is  given  in  the  Encyclopaedia  Britmnica,    9th 
edition,  Vol.  VII,  Art.  **  Earthquake." 
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country  in  the  world  offered  such  an  opportunity  for  making 
a  scientific  study  of  the  phenomena. 

Thus,  in  1886,  when  the  University  of  Tokyo  was  partially 
reorganised,  a  chair  of  Seismology  was  established  in  the  Col- 
lege of  Science,  and  Mr.  S.  Sekiya  was  appointed  first  professor  of 
Seismology ;  he  had  previously  to  this  taken  up  the  subject  as  his 
specialty  at  my  suggestion  and  had  been  in  charge  of  a  small 
seismological  laboratory  in  the  University,  under  the  superintend- 
ence (at  first)  of  Mr.  J.  A.  Ewing,  Prof,  of  Mechanical  Engineering 
and  of  Physics.  The  chair  has  been  occupied,  since  the  lamented 
death  of  Prof.  Sekiya,  by  Prof.  F.  Omori  (who  also  took  up  this 
specialty  at  my  suggestion).  The  chair  is  unique  in  the 
world.  The  Seismological  Institute  attached  to  the  chair  was 
removed  last  April  to  a  little  more  commodious  building  than  it 
had  hitherto  occupied. 

6#  In  October,  1891,  took  place  the  great  Mino-Owari  Earth- 
quake, felt  throughout  the  whole  of  Central  and  Southern  Japan, 
in  which  over  7000  people  were  killed,  over  17,000  injured,  and 
nearly  20,000  buildings  destroyed,  besides  bridges,  arches  and  miles 
of  railways,  embankments,  (fee.  This  earthquake,  one  of  the 
severest  ever  felt,  certainly  the  severest  since  the  Ansei  Earth- 
quakes of  1854  and  1855,  caused,  as  may  be  imagined,  the  pro- 
foundest  impression  throughout  the  whole  country;  a  representa- 
tion^^ to  the  government  was  proposed  in  Dec.  1891  in  the  House 
of  Peers,  then  in  its  second  session,  by  myself,  supported  by 
the  principal  members,  and  passed  by  a  large  majority,  calling 
upon  the  government  to  take  steps  to  establish  a  bureau  or  appoint 
a  committee  for  studying  earthquakes  with  a  view  to  lessen  their 

1)    See  the  E.  I.  C.  Publ.,  No.  3. 
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disastrous  effects.  In  accordance  with  this  representation,  a  com- 
mittee was  organized  by  Imperial  Ordinance  dated  June  25,  1892, 
entitled  the  Shinsai  Yobo  Chosakwai,  literally  a  Committee  for 
investigating  the  prevention  of  earthquake  disasters,  more  usually 
known  as  the  Earthquake  Investigation  Committee.  The  object 
of  the  Committee  is  twofold: — in  the  first  place  to  investigate 
whether  there  are  any  means  of  predicting  earthquakes; 
and  in  the  second  place  to  investigate  what  can  be  done  to 
reduce  the  disastrous  effects  of  earthquake  shocks  to  a 
minimum,  by  the  choice  of  proper  structures,  materials,  position, 
(fee.  The  Committee  has  from  the  first  taken  a  most  liberal  view 
of  its  functions  and  while  always  holding  the  above  mentioned 
twofold  object  in  view,  has  not  hesitated  to  undertake  any  investi- 
gations within  its  means  likely  to  tend  to  the  attainment  of  this 
object,  even  such  as  are  but  indirectly  connected  with  it,  and 
would  not  have  been  necessary,  had  other  bodies  or  individuals 
been  doing  the  work  (as  would  be  the  case  in  Europe  or  America). 
Its  first  president  was  Dr.,  now  Baron,  H.  Kato,  then  the  President 
of  the  Tokyo  Imperial  Univei*sity,  with  myself  as  secretary :  on 
Dr.  Kato's  retirement  next  year,  I  became  president  and  held  the 
post  until  1901,  when  I  was  succeeded  by  Prof.  Tatsuno;  the  latter 
retired  in  1903  and  was  succeeded  by  the  present  president,  Prof. 
B.  Mano.  Prof.  Omori,  who  has  always  been  the  most  active 
member  of  the  Committee,  has  held  the  secretaryship  since  1897. 
Its  present  membei's  are  24  in  number,  all  scientific  men  or 
engineers.  Its  annual  appropriation  has  been  between  12  and  14 
thousand  dollai^s.  It  has  so  far  published  47  numbers  of  reports  in 
Japanese,  and  IG  in  foreign  languages,  mostly  English.    [I  give  as 
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an  appendix  a  li?-t  of  the  contents  of  the?^  reports,  which  will 
j<how  wliat  kind  of  work  it  has  l>een  doing.]*^ 

7*  A.s  tlie  recent  j-ei.smological  investigations  in  Japan  are 
almost  wholly  the  work  of  this  Conimittee  in  conjunction  with  the 
Seisrnological  Institute  of  the  Tokyo  University,  what  I  am  going 
to  say  will  practically  he  an  account  of  that  work  and  its  results. 

The  work  mtiy  for  convenience  be  classified  as  follows:  — 

1)  Statiztical:  consisting  chiefly  of  collecting  of  records 
and  reports  of  earthquakes  and  ' ' tmnamis' "^\  descriptions  of  the 
effects  of  the  shocks,  &c.  From  these  data  are  deduced  the 
distribution  of  earthquakes  {a)  in  time,  and  (l))  in  space;  their 
relation  to  the  seasons,  the  phases  of  the  moon,  the  times  of  the 
day,  and  the  meteorological  conditions ;  parts  of  the  country  most 
shaken,  maritime  or  inland,  cfec. 

2)  Inztrttmental:  consisting  of  ol)servations  with  seismo- 
meters and  seismographs;  investigations  into  the  construction  of 
instnnnents,  the  invention  of  new,  and  improvement  and  modifica- 
tion of  old ;  ^'tlie  Seismic  Triangulation,''  etc.  From  these  observa- 
ti(jns,  are  deduced  the  nature  of  the  vil)rations  of  earth  particles, 
their  amjJitude  and  period,  the  velocity  of  earthquake  waves,  and 
so  on.  Tlie  observations  of  distant  earthquakes  also  come  under 
this  head. 

3)  Geological:  including  re])orts  of  volcanic  eruptions,  dis- 
locations, ttc.  Under  this  heading  comes  also  the  Vulcanological 
Survey,  whose  object  is   ^'to  study  the  new  and  old  volcanoes  of 

1)  In  the  subsequent  part  of  this  paper,  the  Committee  will  be  referred  to  ns  the  E.  I.  C, 
its  reports  in  Japitieso  aa  the  E.  I.  C.  Uo  (its  full  Japanese  title  being  Shinsai  Yobo  ChoEakwai 
H5koku)  and  its  publications  in  foreign  lani^uages  as  the  E.  I.  C.  Publ. 

2)  ••Tsuuauii."  This  is  the  Japanese  name  for  these  destructive  sea  waves,  which 
frequently  devasfAte  the  coast  of  Japan.  They  have  often  been  designatei  "tidal  waves"  or 
**  seismic  sea  waves,"  but  I  have  preferred  to  retain  the  original  name. 
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our  country  as  regards  their  internal  structure,  their  rocks,  their 
foundations  and  their  modes  of  distribution,''^^  so  as  to  be  able  to 
get  ''an  insight  into  the  structure  of  the  land;''  and  *'to  construct 
the  geotectonic  map,  by  means  of  which  we  could  possibly  know 
the  condition  undergi'ound,  and  the  causes  of  the  regional  shaking 
and  the  local  points  of  earthquakes. ' ' 

4)  (Physical :  consisting  of  investigations  of  such  physical 
phenomena,  as  it  seems  reasonable  to  suppose  a  prion  have  some 
relation  with  seismic  phenomena,  with  a  view  to  ascertain  whether 
such  a  relation  does  really  exist,  and  if  so,  what  is  its  nature. 
Among  these  are  Earth  Magnetism,  Variation  of  I^atitude,  Gravity, 
Undergi-ound  Temperature,  Seiches,  Elasticity  of  Rocks,  &c. 
These  investigations,  by  establishing  a  relation  l)etween  earth- 
quakes and  some  phenomena  which  we  can  observe  continuously, 
might  help  us  towards  the  ultimate  object  of  the  E.  I.  C,  viz,  the 
earthquake  prediction. 

5)  (Practical:  this  forms  a  special  feature  of  the  work  of 
the  E.  I.  C,  being  one  of  the  two  ultimate  objects,  for  which  the 
Committee  was  organized.  It  comprises  investigations  of  earth- 
quake-proof structures,  best  forms  for  chimneys,  piers,  columns, 
(fee. ;  the  strength  of  materials  and  combinations  of  materials,  and  so 
on.  The  Committee  has  also  extended  its  work  to  the  application 
of  seismometrieal  instruments  to  the  measurement  of  vibrations 
of  the  gi'ound,  and  of  vibrations  of  buildings  and  structures,  duo 
to  causes  other  than  earthquakes,  such  as  passing  of  trains  over 
bridges,  hammering  in  factories,  and  the  like,  and  to  an  examina- 
tion of  their  effects.     Evidently,   this  investigation  must  to  a  veiy 


1)    Prof.  B.  Koto  :  Tke  Scope  of  the  Vulcanological  Survey  of  Japan  ;  the  E.  I.  C.  Publ., 
No.  3. 


l^ffe  extent  depend  upon  the  result*  of  the  work  mentioned  under 
the  preceding  headi=». 
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8#  We  have  at  present,  besides  the  laboratory  of  the  Seis- 
mological  Institute  of  the  Tokyo  Imp.  Univ.  and  stations  in  direct 
telegi-aphic  communication  with  it  in  Tokyo  and  its  suburbs,  the 
Central  Meteorological  Observatory  also  in  Tokyo  with  full  seismo- 
graphic  equipment,  Kyoto  Imp.  Univ.,  71  local  meteorological 
stations  provided  with  seismographs,  and  1437  stations  not  provided 
with  instruments,  scattered  throughout  Japan.  From  all  of  these, 
reports  of  earthquakes  observed  or  felt  are  sent  to  the  Central 
Meteor.  Obs.  The  71  stations  above-mentioned  are  in  telegraphic 
communication  with  the  nearest  telegraph  office  and  receive  time 
daily  direct  from  the  Tokyo  Astronomical  Observatoiy, — an  ar- 
rangement initiated  and  maintained  at  the  cost  of  the  E.  I.  C. 

9#  Tlie  E.  I.  C.  appointed  Mr.  Tayama  to  search  for  and 
examine  the  accounts  of  earthquakes  recorded  in  histoiy  and  in 
'^ the  materials  for  history,''  under  the  superintendence  of  Prof. 
Sekiya,  and  after  his  death,  of  Prof.  Omori.  The  result  of  his  work 
is  given  in  the  two  volumes  forming  No.  40  of  the  reports  of  the 
Committee,  and  entitled  *'The  Materials  for  the  Earthquake 
History  of  Japan;"  in  it  are  collected  extracts  from  nearly  five 
hundred  l)ooks,  pamphlets,  reports,  diaries,  &c.  relating  to  over 
two  thousand  eartliquakes  between  tlie  years  41G  and  1807.  Some 
of  these  give  very  full  account  of  the  damage  caused,  of  various 
occurrences  supposed  to  have  been  premonitory,  of  the  state  of  the 
popular  feeling  at  such  times,  and  so  on,  so  that  they  will  be 
valuable  not  merely  to  seismologists,  but  to  historians,  sociologists. 
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psychologists  and  others.  This  work  owes  much  of  its  completeness 
to  the  courtesy  of  the  Shiryo  Hensan  Gakari  (Committee  for  the 
Compilation  of  Materials  for  the  History  of  Japan)  of  the  Tokyo 
Imperial  University,  to  whose  collected  materials  Mr.  Tayama  was 
allowed  free  access  at  the  request  of  the  E.  I.  C. 

!©♦  The  E.  I.  C.  has  sent  its  members  and  others  to  the 
scenes  of  very  strong  earthquakes,  of  which  there  was  an  unusual- 
ly large  number  in  the  nineties,  beginning  with  the  great  Mino- 
Owari  earthquake  (Oct.  28,  1891);  notably  those  of  Noto  (Dec.  9, 
'92),  Kagoshima  (Sept.  7,  '93),  Eastern  Hokkaido  or  Yezo  (March 
22,  '94),  Tokyo  and  vicinity  (June  20,  '94),  Shonai  (Oct.  22,  '94), 
Ugo  and  Rikuchu  (Aug.  31,  '96),  Nagano  (Jan.  17,  '97),  Sendai 
and  Eastern  Rikuzen  (Feb.  20,  '97),  besides  the  destructive  **  tsu- 
nami" along  the  north  eastern  coast  on  June  15,  '96,  and  in  addi- 
tion several  volcanic  eruptions,  landslips,  subterranean  noises,  <fec. 
The  Committee  has  even  sent  members  to  foreign  countries  or 
asked  the  Japanese  consuls  and  others  to  report  on  similar 
phenomena,  for  instance  the  Indian  Earthquake  of  June  12,  1897. 
The  Reports  presented  will  be  found  in  several  numbers  of  the  E. 
I.  C.  Ho. 

From  the  materials  obtained  in  the  above  ways,  many 
important  conclusions  have  been  amved  at,  both  of  theoretical 
interest  and  of  practical  importance :  some  of  these  I  proceed  to 
state  below. 

(A)       Time  Distribution  of  Earthquakes. 

!!♦  The  earth's  crust  is  under  continual  stress,  and  when  the 
strain  thereby  produced  reaches  a  certain  limit,  the  stress  must  be 
relieved,  generally  by  some  sudden  (geotectonic)  convulsions,  thus 


CHAPTER  II.    STATISTICAL.  H 

causing  earthquakes.  Among  the  forces  acting  on  the  earth's 
crust,  there  are  external  ones  like  the  atmospheric  pressm^e,  the 
attraction  of  the  moon,  Ac,  having  dififerent  periods.  Hence,  we 
may  reasonably  expect  to  find  some  such  periods  in  the  earthquake 
frequency :  we  shall  see  how  far  the  result  of  observations  fulfils 
this  expectation. 

M^eairuetive  earthquakes. 

12»  The  total  numher  of  destructive  earthquakes  in  Japan 
(Formosa  excepted)  during  nearly  1500  years  since  416  is  223. 
Confining  our  attention  to  the  period  of  the  Tokugawa  Shogunate 
and  the  Meiji  era  (i.e.  from  the  commencement  of  the  17th  century 
down  to  the  present)  during  which  the  record  of  destructive  earth- 
quakes is,  except  for  Hokkaido  and  Lyu-Kyu,  pretty  perfect,  we  see 
that  the  mean  interval  between  two  successive  destructive  earth- 
quakes has  been,  for  the  whole  of  Japan,  about  2i  years.  The 
number  of  years  in  which  one  or  more  destructive  earthquakes  oc- 
curred is  78  in  the  interval  of  303  years  since  the  beginning  of  the 
17th  century,  the  maximum  in  one  year  being  3.  In  other  words, 
26  years  in  every  100  were  visited  l)y  from  one  to  three  destructive 
earthquakes,  the  other  74  remaining  free  from  such  seismic  dis- 
turbances. 

The  distribution  in  time  of  the  destructive  earthquakes  in 
Japan  (Formosa,  Lyu-Kyu,  and  Hokkaido  excepted)  from  the  8th 
century  to  the  present  is  gi'aphically  shown  in  fig.  1,  from  which  it 
will  be  seen  that  although  shocks  have  sometimes  liappened 
singly  or  isolated,  they  have  had  a  tendency  to  occur  in  gi-oups. 
Thus  154  earthquakes  since  the  beginning  of  the  14th  century 
may  be  divided  more  or  less  definitely  into  41  gi-oups;  the  average 
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value  of  the  internals  V^tween  the  mean  ep.ichs  of  the  *ucce«ive 
giv>Tif^  F^exng  I'iJ  year«.'' 

13«  Ay.Kiial  Vaiiaticii  cf  :Ju  FrijiuKcy.  If  we  take  the 
dertni^rtive  eartliquake;?  by  the  months  in  which  they  riceurre*!.  we 
}iave  the  rnaxinium  of  32  in  Auguj?t,  and  minimum  of  10  in 
Janiiarj':  if  Ly  the  j^ea^^on.-.  the  maximum  of  74  in  >ummer.  and 
the  minimum  of  48  in  winter.  The:^  rer^ults  are  ilhi:?trated  in  fig>. 
2  and  4/^ 

Comfxaring  fig?*.  2  and  4  with  fig??.  3  and  5.  it  will  be  seen 
that  the  annual  variation  of  the  frequency  of  the  destructive  earth- 
quaker^  i>i  jast  the  reverse  r>f  that  of  the  ordinary  small  shcck>. 
To  explain  thi?«  fact,  it  may  be  remarke<l  that  if  an  earthquake 
implies  the  removal  of  an  unstable  p<^>int  in  the  earth  s  cni^,  and 
the  consequent  settling  of  the  latter  to  a  stal»le  condition,  the 
constant  occurrence  of  small  earthquakes  is  to  be  regiirde^l  as 
maintaining  the  region  concerned  in  a  comparatively  safe  condi- 
tion, by  preventing  any  abnormal  accumulation  of  stress  in  the 
eartli's  crust:  their  non-cccuirence  or  an  unusually  low  ?eismic 
frequency  may,  on  the  other  hand,  cause  an  accumulation  of  stress 
in  thr*  earth's  cnist,  thereby  facilitating  the  (X^cnrrtMice  of  great  or 
rle^tnictive  seisniic  disturbances.'' 

Karthquahen  at  KyZto. 

14*     Kyoto  was  the  capital  of  the  Empire  during  the  1070 


J )  F.  OiDori :  NoU>8  on  tbe  £.  I.  C.  Catalogue  of  Japanese  Earth-Quakes.  Jour.  Sc.  Coll., 
Vol.  XI,  pp.  411-413. 

2)  The  curves  are  drawn,  not  always  through  representation  points  themselves,  but  by 
tT*r*i  huwl  through  tho  pot itions  of  the  arithmetical  means  of  every  two  successive  points.  This 
method  of  curve  drawing  has  been  employed  in  the  cases  of  other  similar  figures. 

3)  F.  Omori:  Notes  on  the  E.  I.  C.  Catalogue  of  Jap.  Earthquakes.  Jour.  Sc.  Coll.,  Vol. 
Xr,pp.  403-408. 


Fig.  a.     MTonllily  Disirlbutlon  of  216 
DestrucUve  Sarthquakes  in  JafMUi. 


x=-Month. 

j^=  Monthly  number  of  destructive 
eqkes. 


Fig.  3.     RTonthly  DIstrlbation  of  Ordinary 
JBarlhqaakes  In  Japan. 


/  n 

jr=Month. 

j^=-Mean  monthly  number  of  ordinary 
eqkes. 


Flff.  4.     Seasonal  DIsirlbalion  of  216 
I>e8iruellve  JEarlliquakes  In  Japan. 
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Fig.  5.     Seasonal  DislrlbaUon  of  Ordinary 
JBarlhqnakes  In  Japan. 
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years  between  797  and  1867.  Being  the  centre  of  literary  culture 
during  this  period,  earthquakes  in  this  city  have  been  very  careful- 
ly recorded,  and  a  unique  instance  is  thus  furnished  in 
which  a  complete  earthquake  record  at  one  place  has 
extended  continuously  over  a  thousand  years.  Of  the  1318 
earthquakes  at  Kyoto,  34  were  destructive,  194  ** strong,''  and  the 
remaining  1090  ''slight''  [see  Art.  50]. 

The  total  number  of  destructive  and  strong  earthquakes, 
which  happened  in  Kyoto  between  the  9th  centuiy  and  the 
present  time  is  228,  with  time  distrilmtion  as  shown  in  fig.  G;  this 
figure  indicates  a  well  pronounced  maximum  from  the  middle  of  the 
14th  to  the  middle  of  the  15th  century,  and  then  a  steady  decrease 
to  a  minimum  in  the  first  half  of  the  19th  century.  The  seismic 
activity  at  Kyoto  seems  at  present  to  be  on  its  way  to  another 
maximum.  ^^ 

The  variation  of  the  yearly  activity  of  earthquakes  in  Kyoto 
for  the  two  most  disturbed  epochs,  namely,  the  9th  century,  and 
the  interval  between  1340  and  1609  shows  a  series  of  fluctuations, 
whose  average  period  is  about  Gh  years. '^ 

Ordinary  Ejarfhquahes, 

15#  Systematic  earthquake  observation  tln-ougliout  the 
Empire  was  first  organized  in  1885.  The  total  number  of  earth- 
quakes observed  during  the  19  years  between  1885  and  1903  was 
27,485,  which  gives  a  yearly  average  of  1447  shocks,    or  a  daily 


1)  See  also  Professor  Milne's  "  Xote  on  the  great  Earthquakes  in  Japan,"  Trans.  Seis.  Soc, 
VoL  III. 

2)  F.  Omori:  Xotes  on  the  E.  I.  C.  Catalogue  of  Jap.  Earthquakes  ;  J.  Sc.  Coll.,  Vol.  XI. 
pp.  418—43^1. 
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average  of  4.     The  maximum  earthquake  number  of  2729  occun-ed 
in  1894  and  the  minimum  of  472  in  1886. 

16#  Arimtal  Variation  of  the  Frequency.  There  has 
been  an  enormous  increase  in  the  earthquake  number  since  1891 : 
this  is  due  to  the  occurrence  of  the  Mino-Owari  earthquake  in 
Oct.,  1891,  and  several  verj^  strong  earthquakes  in  the  subsequent 
years,  each  of  these  disturbances  being  followed  by  numerous  after- 
shocks. The  mean  state  of  the  seismic  activity  for  the  whole  of 
Japan  in  ordinary  years  or  those  free  from  destructive  earthquakes 
and  their  after-shocks  is  approximately  as  follows  [see  figs.  3  and  5 
opposite  p.  12]  : — (1)  The  greatest  monthly  number  of  65-3  occur- 
red in  May,  and  the  smallest  numbers,  varj'^ing  between  41-7  and 
45-4,  in  June,  July,  August  and  September.  (2)  The  maximum 
seasonal  number  of  172  occuiTed  in  Spring,  and  the  minimum  of 
134  in  Summer  [cf.  Art.  13.] 

!?♦  Earthquakes  in  Tokyo.  The  earthquake  observation  in 
Tokyo,  in  which  instruments  were  used  from  the  beginning, 
furnishes  us  with  invaluable  materials  for  questions  connected  with 
the  annual  and  diurnal  variations,  as  the  records  are  not  affected  by 
any  circumstances  which  may  render  the  accuracy  of  the  observa- 
tion non-uniform  in  the  different  parts  of  the  year  or  the  day. 

As  stated  in  Art.  4,  the  earthquake  observation  in  Tokyo  dates 
from  the  8th  year  of  Meiji  (1875)  and  has  now  been  continued  for 
more  than  28  complete  years ;  the  total  number  of  earthquakes 
recorded  up  to  the  end  of  1903  being  2057.  The  mean  yearly 
number  is  95,  of  which  about  50  are  sensible  shocks.  The  secular 
variation  of  seismic  frequency  in  Tokyo  is  illustrated  in  fig. 
7;  the  absolute  minimum  and  maximum  in  the  interval  under 
consideration  having  occuiTed  in  1883  and  1896  respectively. 
The  general  course  of  the  curve  seems  to  indicate  a  period  of  long 


Fig.  6.     Seeular  Tarlation  of  Seismic  Fre^iiieiicy 

In  Kyoto. 

(Protn  the  9Ch  century  to  the  present  time.) 
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Fig.  7.     Variation  of  Seismic  Freqneiiey  in  Tokyo. 
(Between  the  years  1876  and  1903.) 
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duration,  the  frequency  decreasing  on  the  whole  from  1896  to  the 
present  time.  It  is  hereby  to  be  noted  that  the  severest  earth- 
quake in  Tokyd  in  recent  years  [Art.  66]  took  place  in  1894,  the 
year  1893  being  one  in  which  the  frequency  was  a  minimum.  The 
two  next  severest  shocks  took  place  in  1884  and  1887,  and  each 
was  preceded  by  a  year  of  minimum  seismic  frequency.'^ 

18*  (Relation  of  Annual  Seismic  Variation  to  Geographical 
(Position.  What  has  been  said  in  Art.  16  relates  to  the  annual 
variation  of  the  seismic  frequency  in  Japan  as  a  whole.  The  time 
distribution  of  earthquakes,  however,  is  not  necessarily  the  same 
for  the  different  parts  of  Japan ;  in  fact  they  may,  according  to  the 
character  of  the  annual  seismic  variation,  be  divided  into  two  nearly 
opposite  groups  A  and  -B,  as  follows: — At  stations  belonging  to  the 
group  A^  the  seasonal  maximum  is  mostly  in  spring  and  minimum 
mostly  in  summer  or  autumn ;  w^hile  at  stations  belonging  to  the 
group  JS,  seasonal  maximum  is  in  summer,  and  minimum  in 
winter  or  autumn.  The  dependence  of  the  annual  seismic  varia- 
tion on  the  geogi'aphical  position  may  be  seen  from  fig.  8,  in  which 
the  regions  belonging  to  the  gi'oup  A  are  coloured  red  and  those 
belonging  to  the  group  B  are  coloured  blue.  It  will  be  seen  that 
the  regions  belonging  to  the  two  groups  are  separated  into  definite 
areas.  Thus  the  B  group  region  includes  the  whole  north-eastern 
part  of  Japan,  that  is  to  say,  the  eastern  half  of  Hokkaido,  the  San- 
Riku  provinces,  the  Ryo-U  provinces,  Iwaki,  Iwashiro,  Hitachi, 
Shimotsuke,  the  northern  part  of  Echigo,  the  greater  portion  of 
Kotsuke,  the  northern  part  of  Musashi  and  the  gi-eater  portion  of 
Shimosa.  The  vicinity  of  Hikone  (bordering  on  Lake  Biwa)  and 
of  Hamada,  and  the  southern  part  of  the  Island  of  Shikoku  also 

1)    F.  Omori:  Xotes  on  the  E.  I.  C.  Catalogue  of  Japanese  Earthquakes;  J.  Sc.  Coll.,  Vol. 
XI.,  pp.  43S-437. 
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belong  to  the  B  group  region.  The  A  group  region  indudes  the 
western  half  of  Hokkaido  and  the  wliole  of  Japan  to  the  west  of 
Echigo,  Musashi  and  the  Awa-Kazusa  Peninsula,  Avith  the  excep- 
tion of  a  few  isolated  portions,  which  belong  to  the  B  Group 
region,  as  already  mentioned. ^^ 

With  regard  to  this  peculiar  geographical  relation  of  the  annual 
seismic  variation,  Prof.  Omori  remarks  that  on  the  whole,  the 
earthquakes  disturbing  the  A  group  region  have  inland  origin, 
while  those  of  the  B  group  region  have  their  origin  mostly  under 
the  Pacific :  a  possible  explanation  is  therefore  to  be  found  partly 
in  the  fact  that  the  l^arometric  pressure  is  at  a  minimum  in  summer 
and  a  maximum  in  winter;  this  pressure  is  the  principal  factor  in 
the  annual  variation  of  the  seismic  frequency  on  land ;  on  the  other 
hand.  Prof.  Omori  has  ol^served  that  the  level  of  sea  water  is  higher 
in  summer  than  in  winter,  so  that  the  variation  of  the  pressure 
on  the  ocean  l)ottom  is  the  reverse  of  Avhat  it  is  on  land. 

19*  (Diurnal  Variation.  The  diurnal  seismic  period  is 
clearly  shown  by  the  after-shocks  of  gi-eat  earthquakes.  In  the 
case  of  the  ^lino-Owari  earthquake  of  1891,  these  sliocks  were  very 
numerous,  the  successive  liourly  (or  a-few-hourly)  earthquake 
numbers,  registered  instrumentally  at  Gifu  and  Nagoya,  indicating 
well-defined  diurnal  fluctuations.^^  Tlie  cause  of  the  diurnal 
seismic  variation  seems  to  be  the  changes  of  tlie  atmospheric 
l)ressure. 

As  an  example,  let  us  consider  the  diurnal  variation  in  Tokj'o. 
Fig.  \)  shows  3  hourly  distribution  of  2208  earthquakes  instrumen- 
tally observed  during  the  24  years  between  187G  and  1899;  the 


1)  F.  Omori :  Annual  and  Diurnal  variation  of  Seismic  Frequency  in  Japan;  E.  I.  C. 
Pull.,  No.  8,  pp.  5-52.  or  E.  I.  C.  Ho.  Xo.  30,  pp.  .H4-78. 

2)  F.  Omori  :  On  the  Aftor-ehocks  of  Earthquakes  j  Jour.  Sc.  Coll.,  Vol.  VI I. 


Fig.  9.     Diurnal  Varlailons  of  Seismic  Freqaencjr 
and  Baromeirlo  Pressare  In  Tokyo. 
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curve  indicates  two  maxima  and  two  minima,  while  the  curve  of 
the  barometric  pressure  indicates  also  two  maxima  and  two  minima. 
The  forms  of  the  two  curves  are  very  similar  and  nearly 
parallel  to  one  another,  the  maxima  and  minima  occurring 
at  almost  the  same  hours  for  both. 

The  diurnal  variation  for  the  whole  of  Japan  shows  approxi- 
mately the  same  result.  As,  however,  we  may  expect  for  some  places 
to  find  the  harmonics,  or  12,  8,  6, . .  .hours  periods  in  the  diurnal 
seismic  variation,  and  as  one  or  other  of  these  various  periods  may 
predominate  at  each  place,  we  may  suppose  the  diurnal  variation 
of  seismic  frequency  to  be  a  good  deal  different  for  different 
stations.  An  examination  of  the  diurnal  variation  for  different 
localities  shows  that  they  may  be  divided  into  four  different  groups 
according  to  the  predominance  in  the  diurnal  fluctuation  of  12,  8, 
6,  or  4  hours  period.  ^^ 

20#  The  study  of  the  after-shocks  of  recent  destructive  earth- 
quakes in  Japan  has  indicated  the  existence,  beside  the  annual 
and  diurnal  periods,  of  four  others  whose  lengths  were  respectively 
4^  days,  12  days,  33  days,  and  about  3  months. 

Prof.  Omori  has  also  shown  that,  with  regard  to  the 
relation  between  the  atmospheric  pressure  and  seismic  frequency 
other  than  the  annual  and  diurnal  variations,  the  seismic  frequency 
may  be  accompanied  by  a  maximum,  minimum,  or  increasing  or 
decreasing  atmospheric  pressure,  according  to  the  origin  and  cause 
of  the  earthquakes.^^ 

21*     Lunar  (Day   (Distribution   of  Earthquakes.      Fig.     10 

1)  F.  Omori :  Annual  and  Diurnal  Variations  of  Seismic  Frequency  in  Japan  ;  E.  I.  C. 
Publ.  No.  8,  pp.  53-94,  or  E.  I.  C.  H6,  No.  30,  pp.  78-116. 

2)  F.  Omori :  Note  on  the  Kelation  between  earthquake  Frequency  and  the  atmospheric 
Pressure ;  Tdkyd  Sugaku  Butsurigakkwai  Kiji  Gwaiy5  (Proceedings  of  the  Tdkyd  Mathematical 
and  Physical  Society,  referred  to  subsequently  as  Su.  Buts.  K.  G.),  Vol.  II,  No.  8. 
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shows  the  distributions  in  the  lunar  clay  of  1270  earthquakes  at 
Nagoya,  799  earthquakes  at  Nemuro,  and  1462  earthquakes  at 
Tokyo,  respectively ;  the  lunar  day,  counted  from  0  to  24  hours, 
being  the  tirae  interval  between  the  two  successive  meridian  transits 
at  Tokyo.  The  observations  at  Nagoya  and  Nemuro  are  respect- 
ively those  of  the  after-shocks  of  the  great  Mino-Owari  earthquake 
of  1891,  and  of  the  Hokkaido  earthquake  of  1894;  while  the  Tokyo 
observations  relate  to  ordinary  shocks.  Again,  the  earthquakes  at 
Nagoya  were  almost  entirely  of  inland,  and  those  at  Nemuro 
of  submarine  origin,  and  those  at  Tokyo  of  mixed  origin. 
Notwithstanding  these  differences  in  the  origin,  the  curves  of 
the  lunar-day  variation  are  nearly  identical  in  character,  each 
showing  two  maxima  which  occur  respectively  near  or  at  the 
moon's  upper  and  lower  culminations.^^ 

According  to  Dr.  K.  Honda,  this  dependence  of  the  seismic 
frequency  on  the  position  of  the  moon  is  due  probably  not  to 
the  direct  lunar  attraction  but  to  the  tidal  movement  of  the  sea 
water  which  follows  the  motion  of  the  moon.'^ 

22#  Synodic-7nontJtly  Variation  of  Earthquakes.^^  Dis- 
tributing in  the  30  synodic  days  the  1898  Japan  historical  earth- 
quakes, the  seismic  frequency  is  found  to  be  at  a  •  maximum  not 
only  at  the  times  of  the  conjunction  and  opposition  of  the  sun  and 
moon,  but  also  at  the  times  of  quadrature.  This  is  also  found 
to  be  nearly  the  case,  from  recent  observations  at  different  Mete- 
orological stations,   with   earthquakes   of  submarine   origin.     On 


1 )  F.  Oraori :  Note  on  the  Relation  between  the  Seismic  Frequency  and  the  Position  of 
the  Moon  ;  E.  I.  C.  H6  No.  32. 

2)  K.  Honda :  Daily  periodic  Change  of  the  Leyel  in  the  Artesian  wells  in  Yokohama 
and  Okubo;  Su.  Buts.  K.  G.,  Vol.  11,  No.  9. 

3)  A.  Imamura:  Synodic-monthly  Variatioa  of  Seismic  Frequency  in  Japan;  Su.  Buts. 
K.  G.,  Vol.  TI,  No.  8. 


fig.  10.     I«onar«dalljr  DlsirlbuClon  of  Earihaoakes. 
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the  other  hand,  those  locaUties,  which  are  shaken  by  earthquakes 
of  inland  origin  are  characterized  by  two  maximum  seismic 
frequencies  at  the  days  of  the  conjunction  and  opposition  of  the 
sun  and  moon.  Finally  of  the  90  destructive  shocks  in  Japan 
which  occun-ed  near  the  sea-coast,  29  occurred  between  22nd  and 
26th  days,  21  between  5th  and  9th,  13  between  the  14th  and  18th, 
and  10  between  the  28th  and  2nd.  The  following  may  be  regarded 
as  an  explanation  for  the  existence  of  a  pair  of  maximum  frequency 
at  the  times  of  quadrature :  — The  barometric  pressure  which  reaches 
its  maximum  in  its  diurnal  variation  at  9h  and  22h,  interferes 
with  the  tidal  force,  helping  the  latter  when  high  water  occurs  at 
these  hours,  and  cancelling  it  when  low  water  takes  place  then. 


Afier*9hoeh9  of  EkirihquakeB. 

23#  A  great  earthquake  is  almost  invariably  followed  by 
weaker  ones,  and  when  it  is  violent  and  destructive,  the  number 
of  minor  shocks  following  it  may  amount  to  hundreds  or  even 
thousands  and  continue  for  several  months  or  several  years. 
Complete  instrumental  records  of  these  secondaiy  shakings  or  after- 
shoclcs  were  first  obtained  in  the  cases  of  the  Mino-Owari  earth- 
quake of  1891  and  other  great  disturbances  of  recent  years  in 
Japan. 

The  occuiTence  of  after-shocks  is  quite  natural  and  necessary 
for  the  settling  down  into  stable  equilibrium  of  the  disturbed  tract 
at  the  origin  of  disturbance ;  each  of  these  shocks  removing  an 
unstable  or  weak  point  underneath.  Further,  as  a  very  great 
shock  would  remove  a  correspondingly  great  underground  insta- 
bility, it  is  probable  that  such  a  shock  would  not,  for  a  long  time, 
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be  followed  by  another  of  a  magnitude  comparable  to  its  own,  in 
the  same  or  a  neighbouring  district.  When,  however,  the  initial 
shock  is  not  very  great,  it  may  be  followed  by  another  like  it,  but, 
even  in  this  case,  the  position  of  the  origin  of  the  second  shock 
would  usually  be  quite  distinct  from  that  of  the  first.  *^ 

The  frequency  of  after-shocks  at  a  given  distance  from  the 
origin  is  different  for  different  earthquakes  and  depends  mainly  on 
the  magnitude  of  the  initial  earthquake.  Thus,  in  the  case  of  the 
Mino-Owari  earthquake,  more  than  4000  shocks  were  recorded  at 
Gifu  in  the  course  of  the  six  years  following  the  initial  disturbance. 

2II*  Time  Variation  of  the  Frequency  of  Aftershocks. 
The  mean  time  variation  of  after-shocks  follows  a  very  simple  law 
and  may  be  represented  by  means  of  a  rectangular  hyperbola. 
[See  fig.  11.]  Thus,  denoting  by  x  the  time  and  by  y  the  cor- 
responding  frequency    of   after-shocks,    we    have    the  following 

relation:  y=  i  ,  ,  in  which  h  and  h  are  constants  to  be  properly 
determined  for  each  case. 

The  Mino-Owari  earthquake  took  place  on  Oct.  28th,  1891,  at 
6h  37m  a.m.  (Gifu).  Taking  the  semi-daily  earthquake  numbers 
observed  instrumentally  at  the  Gifu  meteorological  station  during 
the  five  days  between  Oct.  29th  and  Nov.  2nd,  1891,  and  calculat- 
ing bv  the  method  of  Least  Squares,  the  above  equation  assumes 

440-7 
the  form  y=  x-Vl-^iXA '  "^  which  y  denotes  the  number  of  earth- 
quakes obseived  at  Gifu  during  the   12  hours  denoted  by  x ;  the 
time  origin,   expressed  by  a:=0,  corresponding  to  the  first  half  of 
Oct.  29th,  1891.'^ 

As  a  test  of  the  accuracy  of  the  above  equation,   which  was 


1)  F.  Omori:  On  the  After-shocks  of  Earthquakes;  Jour.  Sc.  Coll.,  Vol.  VII. 

2)  F.  Omori:  lb. 


Fig.  11      Time  Tariatlon  of  ihe  Freqaencjr  of  the  Mllno-Owarl 
AfCer-shooks.  (GIfn). 


f 


I 


y 


i4S9^ 

~~ 

4 

— 

— 

— 

— 

— 

— 

' 

— - 





— ^ 

=^ 

— 

^-^ 

— 

'■ 

l/fi&- 

\ 

\ 

\ 

\ 

MXS*. 

^ 

\ 

I 

\ 

\ 

\ 

909- 

\ 

- 

' 

\ 

\ 

1 — 

- 

- 

i 

I 

'" 

— . 

mmmt 

^n\i- 

3    ■■ 
[ 

[ 

W 

r 

- 

^     *     -1 

r 

"■ 

^ 

V 

- 

1 

!      } 

W- 

t     i    - 

t  ■ 

■    r  ^ 

t 

\ 

J 

1 

1 

> 

1 

.         . 

1 

^ 

S-^_ 

\ 

J    . 

1 
-    ! 

r    '    r 

4  T'  i " 

1 

r-i 

[     ■ 

!  1 

.    ..^_ 

f 

1 

i 

±^  .. 

T     f    " 

'  - 

S-= 

p.- 

[ 

(   J 

"1  ■  ■  :  1 

i         : 

■   J 

'T'P 

"■^ 

t=. 

**" 

T~- 

W9t,U 

m 

ir.M 

' 

r#5 

7^ 

-1* 

flj.j 

fjt. 

<,Jff 

V» 

'^ 

r 

I§S 

*.n 

-m. 

M4 

■^    J 

fM9 

i,^ 

-1* 

•M 

/(!# 

t^ 

-^ff 

9fa 

/« 

^iJi 

-tt 

»0J 

r 

#f.»^ 

;r=Time  interval  of  12  months. 

^'^^Nui-nber  of  earthquakes  at  Gifu  during  the  12  months 
denoted  ):)y  x. 
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published  in  1894,  the  seismic  frequencies  at  Gifu  for  1898  and 
1899  calculated  by  it  may  be  compared  with  the  numbers  of  the 
earthquakes  actually  observed  there  during  these  two  years.  Thus 
the  equation  in  question  gives  for  the  theoretical  total  numbers  of 
after-shocks  at  Gifu  for  the  two  years  the  numbers  66  and  57 
respectively.  It  is,  however,  to  be  remembered  that  the  equation 
has  been  deduced  simply  from  the  observations  at  Gifu  during  the 
first  5  days  and  is  not  affected  by  ordinary  earthquakes  or  those 
which  are  not  after-shocks  of  the  Mino-Owari  earthquake.  Hence 
for  the  theoretical  numbers  of  all  earthquakes  at  Gifu  during  the 
two  years  under  consideration,  the  above  must  each  be  increased 
by  the  mean  annual  seismic  frequency  at  Gifu  in  ordinary  years, 
which  was  about  18-3.  Thus  the  calculated  earthquake  numbers 
come  out  finally  to  be  84-3  and  75-3  respectively,  or  together 
160.  Actually  there  were  101  and  62  earthquakes  respectively 
in  1898  and  1899,  or  163  during  the  two  years;  these  numbers 
agreeing  with  the  calculated  results  as  closely  as  may  be 
expected.  ^^ 

Similar  calculations  have  been  made,  with  equally  satisfactory 
results,  for  the  after-shocks  of  the  Hokkaido  earthquake  of  March 
22,  1894,^^  and  those  of  the  great  Ansei  earthquake  of  Dec.  24, 
1854.'> 

Dr.  Enya  has  recently  arrived  at  another  equation  expressing 
the  relation  between  the  time  and  the  frequency  of  after-shocks. 


1)  F.  Oinori:  Xote  on  the  After-shocks  of  the  Mino-Owiiri  Earthquake  of  Oct.  2Sth,  1891 ; 
E.  I.  C.  Publ..  Xo.  7. 

2)  F.  Omori:  Xote  on  the  After-shocks  of  the  Hokkaido  Earthquake  of  March  22ncl,  189*  ; 
E.  I.  C.  Publ..  No.  4. 

3)  F.  Omori :  2nd  report  on   the   After-shocks  of  Earthquakes;  E.  I.  0.  H6.,  Xo.  30. 
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which  also  gives  results  agreeing  tolerably  well  with  the  observed 
numbers.'^ 

(£)       Geographical  Distribution  of  Earthquakes. 
JDeairHciit^e  earihqitakes. 

3S»  Frequency.  The  geographical  distribution  of  the 
destructive  earthquakes  from  the  earliest  times  (5th  century)  down 
to  the  present  day  is  shown  in  fig.  12.  No  destructive  earthquake 
has  occurred  in  the  seven  provinces  of  Iki,  Oki,  Tajima,  Shiribeshi, 
Kitami,  Hitaka  and  Tokachi ;  only  one  each  in  the  seven  provinces 
of  Chikugo,  Buzen,  Suwo,  Hoki,  Mimasaka,  Ishikari  and  Teshio ; 
more  than  eleven  in  each  of  the  fourteen  provinces  of  Yamashiro, 
Yamato,  Kawachi,  Settsu,  Kii,  Ise,  Shinano,  Mikawa,  Totomi, 
Suruga,  Sagami,  Musashi,  Shimotsuke  and  Iwashiro ;  between  six 
and  ten  in  each  of  the  thirteen  provinces  of  lyo,  Izumi,  Iga,  Omi, 
Echizen,  Mino,  Owari,  Kai,  Izu,  Shimosa,  Hitachi,  Echigo  and 
Rikuzen;  and  between  two  and  five  in  each  of  the  remaining 
forty -two  provinces.'^ 

26»  The  Area  of  Earthquake  (Disturbances.  Let  us  for  the 
sake  of  convenience  distinguish  destructive  earthquakes,  according 
to  the  magnitude  of  the  area  of  disturbance,  into  two  kinds, 
namely,  local  earthquakes,  in  which  the  area  of  destructive  motion 
was  confined  to  only  one  province,  and  non-local  earthquakes,  in 
which  the  area  extended  over  several  provinces.  According  to 
this  convention,  the  223  destructive  earthquakes  may  be  divided 
into  140  local  and  74  non-local  ones,  the  ratio  of  these  two  numbers 

1)     M.  Enya:  On  the  After-shocks  of  Earthquakes;    E.  I.  C.  Ho.,  Xo.  35. 
\l)    F.  OiDori:  Notes  on  the  E.  I.  0.  Catalogue  of  Japanese  Earthquakes;  Jour.  8c.  Coll., 
Vol.  XI.    Notes  on  great  Earthquakes  in  Japan ;  E.  I.  C.  Ho.,  No.  82. 


Fig.  12.     IHstribaUon  of  Destructive  Eartliquakes  in  Japan 

(Formosa  and  Lyu  Kyu  excepted) 
From  (lie  Stii  century  to  the  present  time. 
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being  as  2:1.  Further,  it  is  to  be  noted  that  the  provinces  of 
Osumi,  Satsuma,  Higo,  Hizen,  Chikuzen,  Tsushima,  Iwami, 
Izumo,  Kaga,  Noto,  Sado,  Echigo,  Shinano,  Shimotsuke,  Iwa- 
shiro,  Uzen,  Ugo,  Ishikari  and  Teshiwo  were  generally  disturbed 
by  local  shocks ;  non-local  ones  originating  very  rarely  in  these 
provinces,  with  the  exceptions  of  Shinano  and  Echigo.  On  the 
other  hand,  Hyuga,  Bungo,  Tosa,  Kii,  Mino,  and  the  provinces 
of  Kinai  and  Tokaido  were  often  disturbed  by  great  non-local 
shocks,  of  which  the  origins  were  generally  situated  off  the  eastern 
coast  of  Japan,  and  which  were  probably  caused  by  faults  formed 
parallel  to  the  latter. 

The  three  north-eastern  provinces  of  Rikuzen,  Rikuchu  and 
Nemuro  were  often  disturbed  by  great  earthquakes  of  sub-oceanic 
origin.  The  areas  of  destructive  motion  in  these  cases  seem 
never  to  have  extended  to  the  south  of  Hitachi  and  the  Peninsula 
of  Kazusa  and  Awa.  Now,  as  is  well  known,  the  group  of  the 
Japanese  islands  forms  an  arc,  with  its  concavity  turned  towards 
the  Japan  Sea,  and  the  general  geographical  distribution  of  destruc- 
tive earthquakes  in  Japan  may  be  summarised  as  follows.  The 
provinces  on  the  concave  or  Japan-Sea  side  of  the  arc  were  disturb- 
ed almost  exclusively  by  local  shocks;  while  those  on  the  convex 
or  Pacific  side  of  the  arc  were  often  disturbed  by  great  non-local 
ones,  whose  origins  were  situated  in  the  Ocean,  sometimes 
accompanied  by  ^Usunawi.^'  Of  the  provinces  in  the  central 
portion  of  the  Main  Island,  Mino,  Shinano,  Shimotsuke  and  Iwa- 
shiro  often  became  the  seats  of  local  destructive  earthquakes.  But 
the  two  other  provinces  of  Kotsuke  and  Hida  were  very  seldom 
disturbed  by  destructive  earthquakes,  and  form,  together  with 
Tajima  and  a  few  provinces  in  Sanyodo,  the  regions  seismically 
most  stable  in  the  Main  Island. 
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27*  Origin.  What  has  been  said  above  relates  to  the 
frequency  of  destructive  earthquakes  in  the  different  provinces  of 
the  Empire.  Examining  now  the  223  large  shocks  recorded 
since  the  earliest  times  with  respect  to  their  origins,  the  approxi- 
mate results  are  as  follows:  — 

Origin  in  the  Pacific, 47  earthquakes. 


.  17 
.  2 
.114 
.43  „  ) 


, ,      , ,         Japan  Sea, 

, ,      , ,         Inland  Sea, 

, ,         lllJlclIlU,         ...        ••«         ...        .••        ••• 

I  , ,      oDscure,   •••     ...     ...     •••     ••• 

Thus  the  numbers  of  the  earthquakes  of  the  Pacific,  Japan 
sea,  and  inland  origins  were  as  3 : 1 : 7. 

Of  the  47  destructive  earthquakes  of  Pacific  origin,  23  were 
accompanied  by  tsunami  which  often  caused  much  greater  damage 
than  the  earthquakes  themselves.  From  fig.  13,  which  shows  the 
distribution  of  the  tsunamis  (accompanying  earthquakes)  along  the 
coast  of  Japan,  it  will  be  seen  that,  they  were  almost  entirely 
confined  to  the  Pacific  coast,  the  only  exceptions  being  two 
along  the  coasts  of  Echigo  and  Sado;  the  provinces  most  often 
devastated  were  Izu,  Awa  (in  Shikoku),  Settsu,  Totomi,  Rikuchu, 
and  Mutsu. 

Among  the  223  destructive  earthquakes,  there  were  10, 
which  were  especially  great.  Of  these,  seven  originated  off  the 
south-eastern  coast  and  were  each  accompanied  by  destructive 
tsunami;  while  the  remaining  three  were  of  inland  origin  and 
shook  the  central  parts  of   the  Main  Island. 

The  greatest  among  the  ten  earthquakes  above  referred  to  was 
that  of  the  4th  year  of  Hoei  (Oct.  28,  1707),  the  destructive  area 
including  the  eastern  part  of  Kyushu,  the  Island  of  Shikoku,  and 
the  southern  part  of  the  Main  Island  between  the  province  of 


Fig.  13.     IViap  showing  the  nistrlhutlon  of  the  **  Tsunamis '' 

accompanying  JEarthqaakes. 

(From  the  9th  Century  to  the  present  tlmeO 


Fig.  141.     Map  showing  the  Frequency  of 
Earthquakes,  during  the  six  years  between 
1889  and  1890. 
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Harima  on  the  west  and  the  provinces  of  Kai  and  Suruga  on  the 
east. 

Ordinary  eartt^Quakes. 

S8«  Frequency.  Fig.  14  shows  the  frequency  of  earth- 
quakes in  the  different  parts  of  Japan  during  the  six  years  between 
1885  and  1890.'^  As  there  was  no  destructive  earthquake  during 
this  interval,  except  that  of  Kumamoto,  July  28,  1889,  the  map 
may  be  regarded  as  fairly  showing  the  seismic  state  of  the  country 
in  ordinary  years.  It  will  be  observed  that  earthquake  frequency 
is  much  greater  along  the  eastern  coast  of  the  Islands  than  along 
the  western. 

29*  Origin.  The  distribution  of  the  earthquake  origins  in 
Japan  seems  to  have  a  close  connection  with  the  curvilinear  form  of 
the  country;  they  are  arranged  approximately  in  two  systems 
which  are  respectively  parallel  and  normal  to  the  arc  formed 
by  the  Japanese  islands. 

T»una9ni. 

30*  As  stated  above  [Art.  27],  a  large  number  of  destructive 
earthquakes  of  Pacific  origin  were  accompanied  by  tsunawi.  One 
of  the  most  destructive  seismic  tsunamis  in  recent  years  took  place 
on  June  15th,  1896,  the  whole  north-eastern  coast  of  the  Main 
Island  for  a  length  of  250  miles  being  devastated.  A  report  of 
this  catastrophe  is  given  in  E.  I.  C.  Ho.,  No.  11,  by  Dr.  T. 
Iki.»> 

1)  The  map  is  taken  from  the  Earthquake  Reportf,  published  by  the  Central  Meteorologi- 
cal Observatory. 

2)  See  also  Dr.   A.  Imamura'a    Note    **  On  the  great  tsunami  of  1896,"  in   E.  I.  C.  Ho., 
No.  29. 
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In  E.   I.   C.   Ho.,   No.   34,   Prof.  Omori  gives  the  result  of 
the    examination  of  the  tide-gauge  diagrams  at  several  stations 
on  the  Pacific  coast  of  Japan  and  arrives  at  the  conclusion  that 
different  parts  of  the  coast  have  their  proper  period  or  periods 
of  waves,   that  is  to  say,   each  particular  portion  of  sea  coast  is 
virtually  a  fluid  pendulum  whose  boundaries  are  determined  by  the 
form  of  the  bottom  and  the  contour  of  the  shore  line.     According- 
ly, the  wave   period  or  periods  at  a  given  place  on  a  given  coast 
remain    constant  in  all  the    tsunamis,    irrespective  of  the   origin 
or  cause ;  a  destructive  tsiuiami  consisting  simply  in  the  amplifica- 
tion of  the  amplitude  of  the  wave  motion  existing  more  or  less  at 
all  times,   in  consequence  of  a  strong  submarine  earthquake,   a 
storm,  or  some  other  agency.      Seismic  tsunamis  occur  very  often 
along  the  Pacific  coast,   each  strong  submarine  earthquake  being 
always  accompanied,    or    rather  followed,   by  some    amount   of 
sea  water  disturbance.     A  seismic  tsunami  is  caused,  according  to 
Prof.  Omori,   by  the  movements    communicated    from    the    sea 
bottom  to   the   superincumbent  water;    a  very  big  ^^iwami  taking 
place  when  the  earthquake  focus  is  at  the  sea  bottom  itself  or  at  a 
very  small  depth  below  it.     [See  also  Art.  100.] 
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31*  In  order  to  obtain  a  more  accurate  knowledge  of  the 
nature  of  the  earthquake  movements,  it  is  necessary  to  have  instru- 
ments which  will  enable  us  to  obtain  records  of  the  movements 
while  they  are  actually  taking  place,  that  they  may  be  studied  at 
leisure  afterwards ;  these  records  must  not  only  be  very  accurate,  but 
must  indicate  movements  which  we  could  not  have  perceived  at 
all  without  them.  Hence  from  the  first,  the  devising  and  improv- 
ing of  seismometers  and  seismographs  have  engaged  the  attention 
of  seismologists. 

The  E.  I.  C.  has  spared  no  pains  in  order  to  secure  good 
seismographs,  and  in  making  careful  observations  with  them.  The 
records  so  obtained  have  been  carefully  examined,  and  many  im- 
portant conclusions  have  been  deduced,  concerning  the  vibrations 
of  the  earth  particles.  I  shall  first  give  a  short  account  of  the 
instruments. 

(A)        Seismographs  and  Seismometers. 

3S»  It  would  be  too  long  and  out  of  the  scope  of  the  present 
address  to  give  an  account  of  various  contrivances  and  instruments 
that  have  been  suggested  or  been  actually  used,  interesting  as  it 
would  be.  I  shall  here  simply  give  a  short  description  of  the 
seismographs  or  seismometers,  actually  set  up  at  present  in  the 
Seismological  Institute  of  the  Tokyo  Imperial  University;  most  of 
the  various  instruments  have  there  been  tried,  and  those  now  there 
have  been  left,  as  the  fittest,  to  survive. 
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As  it  is  not  easy  or  convenient  to  take  a  record  of  movements 
of  an  earth  particle  in  three  dimensions  at  once,  we  take  them 
separately  for  the  horizontal  and  the  vertical  motions.  Wg  thas 
have  two  divisions  of  seismographs,  one  for  recording  the  motion 
in  the  horizontal  plane,  and  the  other  for  the  vertical  motion. 

MnHrufnenfs  for  recording  the  hariMonial  motion. 

38»  The  essential  in  all  seismographs  is  a  steady  point,  a 
point  which  shall  not  be  displaced  by  the  shock,  and  which  is  in  a 
state  of  neutral  equilibrium,  so  that  when  the  shock  comes  and  the 
earth  moves,  this  point  will  remain  at  rest  and  therefore  be 
displaced  relatively  to  the  earth ;  being  in  neutral  equilibrium,  it  will 
remain  in  this  position.  Thus  as  the  earth  moves,  this  point  always 
remains  in  its  original  position,  and  a  pointer  attached  to  this  point 
will  trace  out  on  a  surface  fixed  to  the  earth  the  movements  of  the 
point  relatively  to  the  earth,  that  is,  the  motion  of  the  earth 
particle.  Practically  of  course  it  is  impossible  to  obtain  a  point 
which  is  absolutely  steady  or  in  absolutely  neutral  equilibrium. 
We  must  be  content  with  an  approximation  to  these  conditions. 

34*  (Duplex  (Pendulum  Seismometer.^^  This  is  a  *^  a  combi- 
nation of  a  common  with  an  inverted  pendulum.  The  common 
pendulum  is  stable,  the  inverted  pendulum  with  a  rigid  pivoted 
supporting  rod  is  unstable :  by  placing  an  inverted  pendulum  below 
a  common  one   and  connecting  the  bobs  so  that  any  horizontal 


1)  For  full  descriptioQ  of  this  instrument,  see  Ewing,  Seismological  Notes,  Trans.  S^^isos. 
Soc,  Vol.  V  ;  Ewing,  On  a  Duplex  Pendulum  Seismometer  with  a  single  bob,  ditto,  Vol.  VI ; 
Sekiya,  On  Prof.  Ewing's  Duplex  Pendulum  Seismometer,  (the  actual  instrument  being  of  the 
coZifltruction  described  in  this  paper),  ditto.  Vol.  VIH;  Milne,  Modem  forms  of  Pendulum 
Seismometer,  ditto,  Vol.  XII ;  Ewing,  Earthquake  Measurements,  Memoirs  of  Science  Dept.  of 
Tokyo  Univ.,  No.  9. 
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displacement  must  be  common  to  both,  we  may  make  the  equi- 
librium of  the  jointed  system  neutral  or  as  feebly  stable  as  may  be 
desired."  A  pointer  attached  to  the  steady  point  so  obtained  is 
made  to  trace  out  the  motion  on  a  stationary  smoked  glass  plate. 
[See  fig.  15.] 

The  record  thus  obtained,  however,  being  statical  is  not  of 
very  great  use  in  accurate  measurements.  It  is  more  convenient  to 
obtain  the  records  of  the  horizontal  motion  decomposed  into  two 
rectangular  components,  such  as  N-S  and  E-W.  This  is  the 
case  in  all  other  instruments. 

35»  Ewing's  (Bracket  or  Horizontal  Pendulum  Seismo- 
graph}^ The  chief  parts  of  this  instrument  are  shown  in  fig.  16. 
[See  also  fig.  21.]  The  steady  point  or  rather  line  is  furnished  by 
the  axis  M  of  the  heavy  bob  B  of  the  pendulum  in  the  form  of  a 
cylinder  or  a  truncated  cone,  pivoted  along  its  axis  AA.  to  a  frame, 
which  itself  is  pivoted  about  a  nearly  vertical  axis  ac  to  a  stand 
fixed  to  the  base  plate ;  the  whole  thus  forms  a  horizontal  pendulum 
turning  about  this  axis.  The  axis  of  the  bob  is  the  instantaneous 
axis  corresponding  to  the  axis  of  support.  Thus  when  the  shock 
comes,  in  the  plane  of  the  axes  the  pendulum  simply  suffers  a 
displacement  as  a  whole,  but  if  the  ground  moves  through  any 
small  distance  horizontally  and  perpendicularly  to  this  plane,  then 
the  system  turns  about  the  fixed  axis  and  remains  in  that  position. 
A  pointer  attached  to  this  traces  out  this  motion  of  the  mass  rela- 
tively to  the  earth  multiplied  any  required  number  of  times,  on  a 
revolving  smoked  glass  plate. 

Two  such  pendulums  placed  at  right  angles  to  each  other  will 
trace  out  the  rectangular  components  of  the  earth  motion. 

1)    EwingiOna  New   Seismograph  for  Horizontd  Motion,    Trans.   Seism.   Soc,    Vol. 
II.    Also  Ewiog,  Earthquake  Measurement :  Memoir  of  the  So.  Dept.,  No.  9. 
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This  instrument  was  first  publicly  described  by  Prof.  Ewing 
before  the  Seisniological  Society  of  Japan  on  Dec.  22nd,  1880. 


Fig.  10. 


36*  In  the  actual  instruments,  various  modifications  have 
been  introduced  wliich  experience  and  a  fuller  knowledge  have 
shown  to  be  desirable.  There  are  several  sets  of  the  instruments 
of  this  type,  set  up  in  the  Institute,  differing  more  or  less  in  their 
arrangements.  In  tlie  usual  form,  the  pendulum  has  a  short  period 
of  al)out  2*  seconds  and  can  therefore  be  relied  upon  only  for  ordi- 
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nary  earthquake  motion.  In  others,  one  of  which  was  specially 
designed  by  Prof.  Sekiya,  the  period  is  much  longer,  and  the  dis- 
tance between  the  axes  much  greater,  thus  enabling  us  to  get  reliable 
records  of  strong  earthquakes.  In  two  of  them,  the  record  is 
taken  on  a  revolving  glass  plate  according  to  Prof.  Ewing's 
original  design,  while  in  others  it  is  taken  on  a  band  of  smoked 
paper  wound  round  a  revolving  drum  having  at  the  same  time  a 
slow  motion  of  translation  in  the  direction  of  its  axis:  the  latter 
fonn  suggested  by  Prof.  Milne  is  in  many  respects  more  conveni- 
ent than  a  glass  plate,  but  the  objection  to  it  is  that  it  increases 
the  friction  of  the  pointer;  by  various  devices,  however,  this  has 
been  made  so  slight,  as  to  make  this  an'angement  preferable. 

The  glass  plate  or  the  drum  is  started  by  an  automatic  starter 
w^hen  the  shock  comes,  and  is  kept  revolving  by  clockwork.  The 
starter  is  either  electrical  or  mechanical.  The  electrical  starter  is 
nothing  more  than  a  modification  of  Palmieri's  circuit  closing  seis- 
moscope  and  consists  of  an  ordinary  short  pendulum  suspended 
from  the  top  of  a  fixed  frame ;  the  bob  is  a  cylinder  having  a  small 
conical  socket  in  its  lower  surface.  A  wire  fits  into  this  socket, 
and  is  held  in  a  vertical  position  and  pressed  against  the  bob,  by  a 
thin  narrow  strip  of  steel,  projecting  from  the  side  of  the  frame 
and  attached  to  the  wire  near  its  upper  end.  The  lower  end  of  the 
wire,  which  Is  connected  with  one  pole  of  an  electric  battery  hangs 
over  the  center  of  a  ring  of  mercury  which  is  connected  with  the 
other  pole  of  the  battery.  The  bob  is  displaced  by  a  shock,  and 
with  it  the  upper  end  of  the  wire,  which  then  moves  about  the 
point  of  attachment  of  the  steel  strip,  thus  causing  the  lower  end 
to  come  in  contact  with  the  mercury  :  this  closes  the  circuit  and  an 
electric  current  is  started,  which  by  means  of  an  electro-magnet 
rings  a  bell  and  sets  free  the  clockwork  turning  the  plate  or  the  drum. 
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The  mechanical  starter  is  used  for  strong  earthquake  seismo- 
graphs, and  consists  usually  of  a  ball  slightly  flattened  at  one  point 
and  resting  on  a  platform.  When  a  sufficiently  strong  shock  comes, 
the  ball  rolls  off  the  platform,  thereby  setting  free  the  clockwork. 
Recently,  a  very  ingenious  starter  has  been  devised  by  Dr.  A. 
Imamura,  assistant  professor  of  Seismology,  which  is  described  in 
the  E.  I.  C.  Publ.,  No.  7. 

37*  The  starter  sets  free  at  the  same  time  a  pendulum  which 
by  its  ticking  marks  the  intervals  of  time  from  the  start.  In  con- 
nection with  the  starter,  there  is  also  an  arrangement  for  marking 
the  time  of  starting  on  the  face  of  a  clock,  by  means  of  small 
projections  at  the  ends  of  the  hour,  minute  and  second  hands,  tip- 
ped with  a  small  piece  of  sponge  dipped  in  red  ink ;  at  the  same 
time  as  the  starting  of  the  clockwork,  the  face  of  the  clock  is  jerked 
forward,  comes  in  contact  with  the  sponge  and  is  marked.  The  time 
thus  marked  will  depend  of  course  on  the  sensibility  of  the  contact- 
maker  and  is  necessarily  not  very  accurate,  so  that  at  present  it  is 
not  used  at  the  Institute. 

A  copy  of  a  part  of  the  diagram  of  the  destructive  Tokyo  earth- 
quake of  June  20th,  1894,  taken  with  Prof.  Sekiya's  instrument 
is  given  in  fig.  28. 

38*  Pi-of.  Gray,  formerly  of  the  Kobu  Daigakko  (the  En- 
gineering College)  suggested  a  modification  of  the  horizontal  pen- 
dulum: instead  of  the  l)ob  being  supported  on  a  rigid  fmmework,  he 
proposed  to  substitute  a  heavy  mass  suspended  by  a  wire  from  a 
point  in  a  fixed  post  and  held  out  by  a  rigid  strut  with  one  end 
pivoted  on  a  point  directly  below  the  point  of  suspension,  thus 
forming  a  conical  pendiihmi.  This  is  the  form  adopted  in  the  Gray- 
Milne  Seismograph  described  in  the  Phil.  Mag.  for  April,  1887,  and 
also  in  the  Trans.  Seism.  Soc,  Vol.  XII. 
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89*  Omori's  Horizontal  CPenduhtm  Seismograph.  All  the 
instruments  so  far  described,  including  Prof.  Gray's  Conical 
Pendulum  instrument,  will  record  ordinary  or  strong  earthquake 
motions,  but  fail  to  give  reliable  records  of  veiy  small  or  slow  mo- 
tions accompanying  earthquakes,  and  of  pulsatory  oscillations. 
Prof.  Omori  has  adopted  the  conical  pendulum  and  has  constructed 
a  seismograph,  which  can  be  made  to  give  records,  not  only  of 
earthquakes,  both  ordinary  and  strong,  but  also  of  very  small  or 
slow  movements  of  earth  accompanying  earthquakes  or  due  to 
distant  earthquakes,  of  small  pulsatory  oscillations,  and  of  slow 
changes  of  level. 

The  chief  parts  of  one  of  these  instruments  are  shown  in 
fig.  17.  The  bob  of  the  pendulum  is  a  cylinder  of  thin  brass,  a, 
filled  with  lead,  and  say  about  10  kgm.  in  weight,  attached  a  little 
above  its  centre  of  gravity  to  a  strut,  6,  consisting  of  an  iron  tube 
furnished  with  a  sharp  steel  point  pivoted  in  a  conical  steel  socket 
fixed  to  the  stand  at  c.  The  bob  is  hung  by  two  fine  steel  wires, 
e,  from  a  point  in  the  stand  directly  above  the  socket,  the  lower 
ends  of  the  wires  being  attached  to  a  pair  of  hooks  /  pivoted  to 
the  bob  at  the  ends  of  its  central  diameter  normal  to  the  pendulum 
plane.  The  attachment  of  the  upper  end  of  the  wire  to  the  stand 
is  made  by  an  arrangement,  by  means  of  which  very  delicate  ad- 
justments of  the  pendulum,  vertical  and  horizontal,  can  be  made. 
The  distance  between  the  points  of  suspension  and  of  support  is 
about  1  metre,  while  the  length  of  the  strut  is  about  75  cm. 
The  period  of  the  pendulum  can  be  made  very  long,  over  60  sec, 
if  desired,  so  that  the  proper  motion  of  the  pendulum  can  be 
clearly  distinguished  from  the  real  motion  of  the  earth. 

In  order  to  reduce  the  friction  at  the  attachment  of  the  writing 
pointer,  and  between  the  writing  pointer  and  the  record  receiver, 
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as  much  as  possible,  Prof.  Omori  has  devised  a  special  form  of 
the  pointer  and  a  special  method  of  attaching  it  to  the 
steady  point.  The  writing  pointer  consists  of  a  small  steel  axis 
to  which  a  light  lever  is  attached  rigidly ;  the  longer  arm  is  of 
aluminium,  while  the  shorter  arm  is  of  brass  and  forked.  By 
means  of  a  small  counterpoise,  the  centre  of  gravity  of  the  whole 
pointer  is  made  to  coincide  with  the  axis.  The  whole  lever  is 
supported  by  the  axis,  pivoted  between  two  steel  sockets,  which 
is  fixed  to  a  stand  and  can  be  adjusted  in  proper  position.  Between 
the  two  limbs  of  the  fork  of  the  shorter  arm  fits  exactly  a  highly 
polished  steel  axis  w^hich  is  a  prolongation  of  the  central  line  of 
the  bob  of  the  pendulum  and  is  pivoted  in  a  frame  fixed  to  the 
upper  end  of  the  bob. 

To  a  small  U-shaped  frame  of  brass  at  the  end  of  the  aluminium 
arm  of  the  pointer,  is  hinged  an  exceedingly  light  writing  index 
made  of  thin  triangular  piece  cut  from  a  watch  spring.  The  point 
of  the  index  rests  on  the  record  receiver,  which  is  a  band  of  smoked 
glazed  paper,  wound  round  a  drum.  The  drum  is  turned  round 
by  clockwork  at  any  required  rate  differing  according  to  the  par- 
ticular kind  of  the  earth  motion  that  we  wish  to  observe,  say  from  3 
cm.  per  minute  to  3  cm.  per  hour;  the  drum  has  at  the  same  time 
a  slow  motion  of  translation  in  the  direction  of  its  axis.  Tlie 
record  is  continuous,  differing  in  this  important  respect  from  the 
instruments  previously  described ;  and  the  rotation  of  the  drum  is 
marked  by  a  time  ticker  which  is  in  circuit  with  a  chronometer. 

Instead  of  hanging  and  supporting  the  pendulum  from  a 
strong  stand,  which  is  then  fixed  to  the  top  of  a  stone  or  brick 
column,  we  may  make  use  of  the  wall  of  solid  buildings,  as  has 
actually  been  done  in  the  Earthquake-proof  House  in  tlie  Univer- 
sity ground.     [Art.  108.] 


Flff.  IH.     Oiiiorl's  Horizontal  Peud%\lu\u  He\%«^fi!|&it^\^- 
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For  a  full  description  of  this  instrument,  see  the  Jour.  Sc. 
CoU.,  Vol.  XI,  or  the  E.  I.  C.  PubL,  Nos.  5  and  12. 

410*  In  the  latest  form  of  this  instrument,  Prof.  Omori  has 
made  an  important  modification  by  introducing  the 
principle  of  Duplex  pendulum.  In  this  form,  under  the 
cylindrical  bob,  there  is  an  inverted  pendulum,  consisting  of  a 
small  metallic  disk,  whose  mass  is  small  compared  with  that  of  the 
cylinder,  supported  on  a  light  aluminium  tube  pivoted  at  its  lower 
end  in  a  conical  socket  and  connected  with  the  cylinder  at  its  upper 
end  in  such  a  way  that  the  friction  is  reduced  to  a  minimum. 
This  arrangement  makes  the  equilibrium  of  the  compound  bob  still 
further  approximate  to  the  neutral,  so  that  with  the  vertical  distance 
between  the  points  of  suspension  and  support,  and  the  length  of 
the  strut  each  1  meter,  the  period  can  be  made  as  long  as  1  minute, 
and  the  multiplication  30  times,  without  difficulty.  ^^  [See  also 
fig.   18.] 

An  instrument  of  this  type  having  a  period  of  about  30  sec. 
and  a  multiplication  of  120  times  is  among  the  exhibits  of  the  E. 
I.  C.  at  this  Exposition. 

Jll*  (Br of,  Tanakadate's  (Parallel  Motion  Seismograph  for 
Strong  Earthquakes.  Prof.  West  has  suggested  the  use  of  Watt's 
parallel  motion  airangement  as  suitable  for  a  seismogi'aph  and 
actually  constructed  an  instrument  on  this  principle.*^ 

Some  time  ago.  Prof.  Tanakadate  has  constructed  a  strong 
earthquake  seismogi'aph  by  using  the  same  principle  in  a  different 
way.  In  this  instrument,  a  hea^y  mass  is  pivoted  on  a  rectangular 
frame  which  forms  the  connecting  link  of   a  Watt's  parallel  mo- 


1)  A  full  description  of  this  instrument  has  not  yet  been  published,  but  for  an  abstr&ct, 
aee  Su  Buts.  K.  G.,  Vol.  II,  No.  8. 

2)  West :  Suggestion  for  a  new  type  of  Seismograph ;  Trans.  Seism.  Soc.,  Vol.  VI. 


36  BBCENT  6EI8MOLOG1CAL  INVESTIGATIONS  IN  JAPAN 

tion  arrangement.  The  radius  rods  are  pivoted  on  to  the  base 
plate  of  the  instrument  by  vertical  axes  which  are  slightly  inclined 
towards  each  other  in  order  to  give  a  small  amount  of  stability  to 
the  horizontal  motion  of  the  suspended  mass.  The  frame  is  linked 
to  the  radius  rods  by  means  of  Hooke'  s  joints  with  the  planes  of 
the  cross  pieces  at  right  angles  to  each  other,  so  as  to  make  the 
relative  motion  of  the  links  kinematically  unique,  though  it 
deviates  from  being  strictly  two  dimensional. 

A  photograph  of  this  instrument  Avith  Prof.  Tanakadate's 
Vertical  Motion  Seismograph  is  shown  in  fig.  22  [see  Art.  46] . 

4ia  (Photographic  (Record  Horizontal  (Pendztlum  Seismo- 
graphs. In  all  the  instruments  described  above,  the  record  is  taken 
mechanically,  thus  introducing  friction  at  several  points,  although 
it  has  been  reduced  to  a  very  small  quantity  in  Prof.  Omori's 
seismograph.  The  record  may  be  obtained  photographically 
by  throwing  the  light  reflected  from  the  steady  point  on  a 
sensitized  paper;  this  does  not  introduce  friction  like  a  pointer, 
but  on  the  other  hand,  the  chief  objection  to  almost  every 
photographic  recorder  at  present  in  use  is  the  very  slow  rate 
of  motion  of  the  photographic  paper,  which  renders  it  unfit  for 
recording  short  period  motion. 

Tlie  E.I.C.  had  a  Rebeur-Paschwitz  horizontal  pendulum^^ 
slightly  modified,  constructed  for  it  by  Messrs.  Repsold  &  Sons, 
and  observations  were  made  with  it  for  some  time.  At  present 
it  is  not  set  up  for  want  of  a  suitable  room. 

The  Committee  has  also  purchased  and  set  up  Prof .  !Milne'  s 
Horizontal  Pendulum  Seismograph  in  1899,  incompliance 
with  the  request  of  the  British  Association  for  the  Advancement  of 

1)  For  a  deecription  of  the  original  pendulum  Bee  Nova  Acta  der  Kais.  Leopold-Carol. 
Deutsch.  Akadeiuie  der  Katurforscher,  Bd.  LX,  No.  ].,  1892. 
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Science,  forwarded  through  the  British  Government,  the  object 
being  to  establish  a  systematic  observation  of  the  motion  of  the 
earth's  crust  with  similar  instruments  all  over  the  world.  The 
instrument  is  at  present  housed  in  a  small  shed  built  for  it ;  and 
the  result  of  the  observation  is  reported  to  the  Seismological 
Committee  of  the  British  Association.  An  examination  of  the 
records  taken  with  tliis  seismograph  between  July,  1899,  and 
Dec,  1902,  by  Dr.  Imamura  in  whose  charge  the  observation  is 
placed,  is  given  in  the  E.  I.  C.  Publ.,  No.  IG.^^ 

Insirumenta  far  recording  the  veriiciU  tnoiion. 

418*  A  vertical  motion  seismogi^aph  presents  a  difficulty  not 
met  with  in  a  horizontal  motion  seismograph,  for  here  we  have 
gravity  acting  in  the  direction  in  which  the  freedom  of  motion  is 
to  be  retained.  The  first  successful  attempt  made  was  the 
Helical  Spring  Seismograph^^  of  Prof.  Gray.  The  essential 
point  of  this  instrument  is  a  helical  spring,  supporting  a  lever 
which  turns  about  a  knife  edge  at  one  end,  and  is  weighted  at  the 
other  end  with  a  lead  ring.  This  arrangement  by  itself  makes  the 
period  of  oscillation  of  the  mass  gi-eater  in  the  ratio  of  the  square 
roots  of  the  arms  of  the  lever,  than  if  the  mass  were  hung  directly 
from  the  spring.  But  Prof.  Gray  has  added  an  ingenious  device 
by  which  the  equilibrium  is  made  still  nearer  to  the  neutral :  from 
the  end  of  the  arm  is  suspended  a  small  trough  pivoted  and  partly 
filled  with  mercury.  Now  if  the  mass  be  raised  or  lowered,  the 
end  of  the  trough  is  relatively  lowered  or  raised,  and  the  mercury. 


1)  Also  see  E.  I.  C.  Ho..  No.  35. 

2)  Gray  :  On  a  Sei-mograph  for  recording  the  Vertical  Motion  ;  Trans.  Seisuj.  Soc,  Vol. 
in,  or  thj  Meuioir  of  the  Science  Dept,  TokyS  Univ.  No.  9. 
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running  backwards  and  forwards  tends  to  increase  or  diminish 
the  moment  about  the  axis,  thus  counterbalancing  the  increase 
or  decrease  of  the  tension  of  the  spring,  and  so  to  make  the 
equiHbrium  neutral. 

41J51*  Ewing^s  Vertical  Motion  Seismograph.  Prof.  Ewing 
has  adopted  Prof.  Gray' s  principle  and  invented  another  method 
of  compensation.  The  chief  parts  of  this  seismograph  is  shown  in 
Fig.  19.  The  lever  is  a  stout  brass  plate  a  loaded  at  the  outer  edge 
with  a  cylinder  of  lead  h.  A  pair  of  steel  points  projecting  from 
the  fixed  pier  or  post  fits  into  a  conical  socket  and  a  V  slot,  cut  into 
the  plate  near  its  inner  edge,  so  forming  a  horizontal  axis  about 
which  the  lever  turns.  A  pair  of  helical  springs  M^  suspended 
from  a  projection  in  the  pier,  hangs  vertically  and  is  connected  at 
the  lower  end  by  a  small  transverse  bar  e,  at  the  center  of  which  is 
a  conical  socket;  in  this  socket,  rests  the  screw/ projecting  down- 
wards from  the  plate,  the  length  of  the  projection  being  adjustable. 
When  the  cylinder  is  lowered  or  raised,  the  point  of  the  screw/, 
that  is,  the  point  of  application  of  the  tension  of  the  spring  is 
moved  slightly  away  from,  or  towards,  the  axis  about  which  the 
lever  turns,  thus  increasiug  or  diminishing  the  leverage  and 
compensating  for  the  change  of  tension. 

A  writing  pointer  is  attached  to  the  bob  near  its  axis,  and 
hanging  vertically  downwards  writes  the  motion  transformed  into 
a  horizontal  one  on  a  plate  or  a  drum. 

il5*  This  instrument,  and  two  bracket  seismogi-aphs  [Art.  35] 
placed  at  right  angles  to  one  another  for  the  two  rectangular 
components  of  the  horizontal  motion,  arranged  together  on  a  stand 
so  as  to  write  their  records  on  the  same  dnun,  form  the  usual 
seismographic  equipment  for  local  meteorological  stations  through- 
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out  Japan.     This  I  shall  call  the  ordmary  E wing-Gray-Milne  seis- 
mographs.    A  photograph  of  this  is  shown  in  fig.  21. 

416*  ^rof.  Tanakadate's  Spiral  Spring  Seismograph. 
The  construction  of  this  instrument  will  be  seen  from  fig.  20. 
The  steady  point  is  furnished  by  the  heavy  cylinder  M,  which  is 
supported  on  two  frameworks  by  having  its  axis  passing  through  a 
pair  of  slots  in  the  arms  L  L  of  the  one,  and  a  pair  of  holes  in  the 
arms  LX' of  the  other:  the  transverse  piece  at  the  other  end  of 
each  framework  forms  the  axle  A  A\  about  which  a  spiral  spring 
is  wound,  and  which  is  supported  on  two  vertical  pieces  B  B' ;  the 
other  end  of  the  spring  is  fixed  to  the  inside  of  the  cylindrical  box 
jD  D'  containing  the  spring.  Each  spring  is  wound  up  so  that  it 
will  just  support  one  half  of  the  weight  of  the  bob.     The  bob  will 

thus  be  in  a  stable 
equilibrium,  perform- 
ing small  vertical  oscil- 
lations whose  period 
will  depend  upon  the 
weight  of  the  mass 
and  the  force  of  resti- 
tution of  the  spring. 
By  attaching  a  small 
vertical  bar  C  C  to  the 
axle  A  A'  of  the 
spring,  and  putting  a 
small  sliding  weight  m  m  on  it,  the  system  can  be  brought  into 
a  state  of  neutral  equilibrium  on  adjusting  the  sliding  weight  to 
the  proper  height.  For  the  full  description  of  this  instrument, 
see  E.  I.  C.  PulJ.  No.  7. 

The  first  working  instnmient  of  this  type  was  exhibited  at  the 


Fig,  20,    Taaaksdate'B  Spiral  Spring  Vertical  Motion 
Seismograph, 
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general  meeting  of  the  Tokyo  Sugaku-Butsurigakkwai  (Mathe- 
matical and  Physical  Society)  on  June  6th,  1898.  It  was  exhibited 
at  the  Paris  Exposition  of  1901,  by  the  E.  I.  C.  A  photogi-aph 
of  this  instrument  with  Prof.  Tanakadate's  parallel  motion 
seismograph  is  shown  in  fig.  22. 

W7^  Thus  I  have  given  a  short  description  of  seismographical 
instruments,  most  of  them  actually  in  operation  in  one  or  more  of 
the  following  seismological  stations:  namely,  the  laboratory  of  the 
Seismological  Institute  of  the  Tokyo  Imp.  Univ.,  the  Earthquake- 
proof  House  of  the  E.  I.  C,  the  Seism,  stations  of  the  E.  I.  C.  in 
direct  telegraphic  communication  with  the  above  laboratory,  the 
Central  Meteorological  Observatory,  the  Kyoto  Imp.  Univ.,  local 
meteorological  stations,  &c.  For  their  full  doi^eription,  you  are 
referred  to  the  publications  mentioned. 

It  will  be  seen  that  after  all  sorts  of  contrivances  had  been 
tried.  Prof.  Ewing  succeeded  in  constructing  a  Horizontal  Pendu- 
lum Seismogi'aph  for  recording  the  horizontal  motion  of  the  earth 
particle  in  two  components,  and  Prof.  Gray  in  applying  helical 
spring  to  record  the  vortical  motion.  Since  then,  modifications  and 
improvements  in  details  of  construction  have  been  introduced, 
which  subsequent  experience  has  shown  to  be  advisable.  But  the 
knowledge  of  the  earthquake  motion,  which  was  obtained  with 
them,  made  something  more  than  mere  modifications  in  details 
necessary  for  a  further  advance.  Prof.  Omori's  latest  form  of  the 
Horizontal  or  Conical  Pendulum  Beismogi-aph  witli  continuous 
mechanical  recorder  is  a  veiy  good  seismogi*aph,  1  do  not  hesitate 
to  say,  the  best  that  wo  have  at  present :  there  is  plenty  of  work 
that  can  and  will  bo  done  with  it  for  the  present.  But  there  is  still 
room  for  increasing  the  neutrality  of  equilibrium  of  the  pendulum 
and  diminishing  friction   between  tlio  parts;  as  to  the  damping 


Fig.  21.     Ordinary  dwIiifi^-Gray-.HIliie  St'lsiiioKraiili. 


Ftff.  tm.     TaiiHkadato's  SCroiiff  IHoCtou  Hei«u\^v^Y>ii\\\* 
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of  the  motion  of  the  pendulum,  we  are  of  the  opinion,  that  it 
is  neither  necessary  nor  desirable.  A  photographic  recorder 
that  shall  be  sensitive  enough  to  enable  us  to  move  it  with  a 
sufficient  speed  would  be  a  great  improvement. 

I  proceed  now  to  give  some  of  the  most  important  of  the 
conclusions  regarding  the  nature  of  vibrations  of  the  earth' s  crust. 

418*  The  motion  of  the  earth's  crust  as  actu^iUy 
observed,  consists  in  general  of  several  sets  of  waves  of 
different  amplitude  and  period,  which  may  be  partly 
longitudinal  and  partly  transverse,  the  amplitude  and 
period  ranging  within  wide  limits. 

We  shall  find  it  convenient  to  divide  the  motion  into  two 
classes:  the  sensible,  or  that  which  can  be  felt  as  tremblings  or 
shocks;  and  the  insensible,  or  that  which  can  not  be  felt.  These 
are  sometimes  distinguished  as  Macro-seismic  and  Micro-seismic, 
although  these  terms  have  also  been  employed  in  a  quite  different 
sense  by  some  seismologists.  In  the  former,  quick  vibrations,  i.  e. 
vibrations  of  short  period,  coexist  with  slower  vibrations,  while 
in  the  latter,  quick  vibrations  are  either  absent  or  extremely 
minute.  The  amplitude  of  some  vibrations  in  the  insensil)le 
motion  is  as  large  as,  or  even  larger  than,  that  of  vibrations  iu 
small  but  sensible  local  earthquakes ;  they  are  insensible  only  be- 
cause their  period  is  very  long,  in  comparison  with  their  amplitude, 
and  consequently  their  acceleration  small ;  in  fact,  the  insensible 
motion  is  such  because  its  acceleration  is  small. 

It  is  evident  that  observations  of  the  sensible  and  the  insensi- 
ble motions  can  not  be  conveniently  combinecj  in  one  and  the 
same  instrument,  the  chief  points  of  difference  in  the  instruments 
for  measuring  them  being  in  the  multiplication  ratio  of  the  record 
writer  and  the  rate  of  motion  of  the  record  receiver. 
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The  earth's  crust  being  regarded  as  an  elastic  medium  through 
which  these  waves  are  propagated,  the  investigation  of  these  waves, 
of  their  mode  of  propagation,  and  their  behavior  under  various 
circumstances  is  a  very  important  problem  of  pure  Seismology, 
regarded  as  a  branch  of  Geophysics.  To  furnish  data  for  these 
investigations  by  accurate  determination  of  the  nature  of  these 
wayes  is  the  province  of  the  observational  Seismology. 

(B)       Sensible  or  Macro-Seismic  Motion. 

4l9#  To  this  class  belong  motions  of  earth,  known  as  Earth- 
quakes in  the  ordinary  acceptation  of  the  term.  They  proceed  from 
an  origin  at  a  comparatively  small  distance  from  the  place  of 
observation,  say  under  1000  km.  I  shall  state  briefly  some  of  the 
results  of  the  observations  of  these  motions,  made  chiefly  wdth  the 
ordinary  (E wing-Gray-Milne)  seismographs  [Art.  45] . 

The  Earthquake  Motion  as  observed  with    the   ordinary 


ABC  B 

Fig  23.    DIagrmmmatIc  Representation  of  the  Earthquake  Motion, 

seismograph  begins  with  vibrations  of  small  amplitude  and 
comparatively  short  period,  these  are  usually  known  as  the 
preliminanj  tremors;  next  come  those  of  larger  amplitude, 
constituting  the  Main  and  moj^t  active  part^^;   and  finally  the  earth- 

1)     Usually  called  the  "  Principal  portion.*' 
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quake  ends  with  feeble  vibrations,  which  I  shall  call  the  Tail^^ 
of  the  earthquake. 

In  each  of  these  three  sections,  very  small  quick  vibrations 
or  "  ripples'''  are  often  found  superposed  on  comparatively  slower 
vibrations;  the  latter  constitute  the  chief  element  of  the  earthquake 
motion  and  may  be  termed  the  ' '  main ' '  vibrations  in  contra- 
distinction, to  the  ripples ;  the  period"^  of  ripples  is  a  mere  fraction 
of  a  second,  while  that  of  the  main  vibrations  is  much  longer,  say 
between  ^  and  2  seconds.  The  ripples  are  found  more  or  less  in 
rocky  or  hard  soil  district  but  are  almost  entirely  absent  on  soft 
soil.     Examples  of  seismogi'ams  are  given  in  fig.  24. 

Jikiensiiy. 

50*  In  order  to  indicate  tlie  intensity  or  magnitude  of  an 
earthquake,  the  Central  Meteorological  Observatoiy  has  adopted 
the  following  .relative  scale  of  intensity  for  ordinary  or  non- 
destnictive  earthquakes:  — 

A  slight  s?hock  is  one  which  is  very  feeble ;  a  tvcak  shock  is  one 
whose  motion  is  well  pronounced  liut  not  so  severe  as  to  cause 
general  alarm;  and,  finally,  a  strong  hihock  is  one  which  is  sufficient- 
ly sharp  to  produce  small  cracks  in  walls,  to  throw  down  bottles 
on  a  shelf,   etc. 

For  the  discussion  of  the  destructive  effects  of  the  earthquake 
motion,   we  must  have  an   absolute  measure  of  intensity: 

we  may  represent  the  intensity  of  the  earthquake  motion  by  the 

4T^a 
maximum  acceleration,  a,  of  the  earth  particle:  «="-y;-r~,   in  which 

1)  Usually  known  as  the  "End  Portion.'* 

2)  Throughout  this  address,  the  period  is  used  in  the  sense  of  the  complete  period,  and 
the  amplitude  of  double  amplitude. 
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2a  is  the  amplitude  and  T  the  period,  of  the  maximum  vibration, 
supposed  to  be  simple  harmonic. 

For  ordinaiy  non-destructive  earthquakes,  this  maximum 
acceleration  a  is  small;  the  shock  being  a  severe  one  when  a 
reaches  a  few  hundred  mm.  per  sec.  per  sec.^^ 

The  acceleration  a  just  sufficiently  strong  to  be  perceptible  to 
us  without  instrumental  aid,  that  is  to  say,  in  the  slightest 
sensible  motion,  is  found  to  be  about  17  mm.  per  sec.  per 
sec.^^ 

SU  Maximum  movements  in  different  earthquakes. 
Fig.  25  shows  the  relative  frequency  of  the  different  values 
of  maximum  earthquake  movements  based  on  the  ol)servations 
of  359  shocks  at  the  Central  ]\Ieteorological  Observatoiy.  It  will 
be  seen  that  the  great  majority  of  earthquakes  had  amplitudes 
between  0-2  and  0-5  mm.  and  between  0-6  and  10  mm.,  the 
numbers  of  cases  coiTCsponding  to  these  two  gi'oups  l>oing  res- 
pectively 59  and  19  %  of  the  whole. ^^ 

J^ireetion  of  Motion* 

32»  By  the  direction  of  an  earthquake  is  meant  the  direc- 
tion of  the  greatest  vil)ration8,  or  tliat  of  the  principal 
movements  during  the  earthquake,  at  a  given  phice.  In  strong 
earthquakes,  the  direction  of  motion  often  coincides  with  the  line 
joining  the  place  of  observation  with  the  centre  of  disturbance,  as 
ought  to  be  the  case  if  the  principal  vil)rations  in  an  earthquake  be 
due  to  longitudinal  waves. 


1)  For  the  acceleration  in  a  destructive  earthquake  see  Art.  66. 

2)  F.  Omori :     On  Earthquake  Motions  ;  E.  I.  C.  Ho.,  No.  41. 

3)  Loc.  cit. 
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Different  localities  seem  to  have,  in  many  cases,  some 
prevailing  directions  of  the  earthquake  motion.  Thus,  in  Tokyo, 
the  principal  directions  are  E-W  and  SE-NW  [as  will  be  seen 
from  fig.  26  which  shows  the  relative  frequency  of  the 
different  directions  of  motion  of  431  earthquakes  observed  at  the 
Central  Meteorological  Observatoiy  during  the    13  years  between 

1885  and  1897.]^> 
Again,  in  Miyako, 
which  is  situated  on  the 
north-eastern  coast  of 
the  Main  Island,  the 
motion  in  the  E-W 
component  is  genei'ally 
much  greater  than  that 
in  the  N-S;  the  direc- 
tion of  the  maximum 
vibrations  in  the  differ- 
ent earthquakes  being 
mostly  E-W,  ESE- 
WNW,  and  ENE- 
WSW.'> 
This  should  be  taken  into  account  in  choosing  the  direction 
of  a  long  building,  and  in  many  other  ways  in  practice. 

53*     The  total  duration  of  an  earthquake  depends  on  its 


Fig.  26,    The  DInctloat  of  Eartbquake»  la  Tokyo, 


1)  F.  Omori  :  On  Earthquake  Motions ;  E.  I.  C.  H6.,  No.  41. 

2)  F.  Omori  and  K.  Hirata :    Earthquake  Meaeuremente  at  Miyako ;    Jour.   Sc.   Coll., 
Vol.  XI. 
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magnitude  and  on  the  distance  of  the  observing  station 
from  the  origin.  The  relative  lengths  of  the  total  earthquake 
duration  and  of  those  of  the  preliminaiy  tremors  and  the  main  part 
will  be  best  seen  from  the  following  results  deduced  from  the 
earthquake  measurements  at  Miyako:^^ — (a)  Total  earthquake 
duration  varied  between  8^  and  200  sec,  the  average  value  being 
72  sec. ;  (6)  the  duration  of  the  preliminaiy  tremoi-s  varied  between 
0  and  2G  sec,  the  average  value  being  9 J- sec ;  (c)  finally  the 
duration  of  the  main  part  varied  between  0-7  and  26  sec,  the 
average  value  being  10  sec. 

54#  The  duration  of  the  p7'eliminary  tremors  does  not 
depend  on  the  magnitude  of  the  earthquake  but  is  found 
to  vary  with  the  distance."^  Thus  if  tj  denote  the  dm-ation  of 
the  preliminary  tremors  of  an  earthquake  at  a  place,  whose  distance 
from  tlie  origin  of  disturbance  is  x^  we  have  the  following  empirical 
equation :  — 

which  is  to  be  used  for  values  of  x  l)etween  100  and  1000  km. 
[See  fig.  27].  This  equation  is  veiy  useful  and  enables  us  to 
estimate,  from  the  diijgi-am  at  any  station  by  a  sufficiently  sensitive 
seismograph,  the  distance  of  the  origin  of  a  shock.  Or,  if  the 
seismogi-aphic  records  be  simultaneously  taken  at  two  or  more 
stations,  we  can,  from  the  comparison  of  the  durations  of  the 
preliminary  tremors,  easily  fix  the  approximate  position  of  the 
origin. 

55#  As  to  the  duration  of  tlie  main  part  in  destructive  and 
strong  earthquakes^   the  result  deduced  from  an  examination  of 

1)  F.  Oinori  and  K.  Hirata:  Earthquake  Measurements  atMiyako;  Jour.  Sc.  Coll., 
Vol.  XI. 

2)  F.  Oiiiori :  Xote  on  the  Preliminary  Tremor  of  Earthquake  Motion  ;  Jour.  Sc.  Coll., 
Vol.  XI  ;  also  E.  1. 0.  Publ..  Nos.  5  and  13. 
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the  seisinograms  obtained  in  Tokyo  and  other  places  of  the  Toky5 
earthquake  of  Oct.  15th,  1884  and  twelve  other  destructive  and 
strong  disturbances  is  as  follows :  — The  two  longest  were  the  gi'eat 
Mino-Owari  earthquake,  28  sec,  and  the  Riku-U  earthquake  of 
1896,  26  sec. ;  two  others  were  each  19  sec;  and  the  remaining 
nine  varied  between  4  and  9i  sec^^ 


Period  of  Vibrations  at  IHfiyako. 

56*  As  illustrative  of  the  earthquake  motion  in  a 
rocky  district,  we  may  take  the  results  of  observation  at  the 
meteorological  station  of  Miyako,  which  is  situated  on  a  small 
promontary  of  palaeozoic  rocks,  about  30  m.  in  height.  The 
periods  of  vibrations  observed  at  Miyako  w^ere  as  follows: 

The  period  of  the  maximum  horizontal  m^otion  varied  bet- 
ween 0-53  and  1-7  seconds;  the  corresponding  period  in  the 
vertical  motion  varied  between  0-53  and  1*7  seconds;  the  vertical 
and  the  horizontal  components  having,  in  most  cases,  the  same 
period. 

With  regard  to  the  ripples  the  period,  which  was  the 
same  in  all  the  three  components  varied  between  004  and 
012  second.  It  may  be  mentioned  in  this  connection  that  the 
quickest  ripples  so  far  observed  were  in  the  case  of  one  of 
the  after-shocks  of  the  great  Mino-Owari  earthquake  registered  at 
the  temporary  seismological  station  set  up  in  the  village  of  Midori 
in  the  Neo-Valley,  the  most  central  part  of  the  meizoseismal 
zone;  tlie  complete  period  being  only  about  002  second. 

I  may  also  remark  here  that  the  amplitude  of  the  ripples  is 

1)    F.  Omori :  On  Earthquake  Motions ;  E.  I.  C.  Ho.,  No.  41. 
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sometimes  quite  large,   the  greatest  value  observed  at  Miyako 
being  7*4  mm. 

K-arthquahe  Measure tneitis  at  Hitofsuhashi  and  Houffo. 

57*  As  examples  of  earthquake  measurements  in 
non-rocky  districts,  we  may  take  those  made  at  Hitotsubashi 
and  Hongo  (Seismological  Institute),  both  in  Tokyo.  At  Hitotsu- 
bashi the  ground  is  low  and  very  soft,  while  at  Hongo,  it  is  high 
and  of  hard  clay. 

The  average  values  of  the  elements  of  earthquake  motion  at 
Hitotsubashi  are  as  follows. ^^ 
(rt)     Horizontal  Motion :  — 

Duration  =101  sec. 
Maximum  amplitude=0-70  nun. 
Period  of  max.  motion =0*77  sec. 
Maxinnmi  acceleration = 20  0  nnn./sec.^ 
Average  period=0*7G  sec. 
(//)      I  ertical  motion :  — 

Duration =5S  sec. 
Maximum  ampHtude=0-22  mm. 
Period  of  max.  motion=0-54  sec. 
Average  period=U-53  sec. 
Thus  it  seems  that  tlie  mean   value  of  the  period  of  the  maxi- 
mitln  vibration,  l)oth  in  tlie  horizontal  and  the  vertical  component, 
seems  to  be  practically  identical  with  that  of  the  average  period. 
The  case  might  be  somewhat  different  if  we  take  only  strong  earth- 
([uakes.     The  horizontal  motion  lasts  twice  as  long  as  the 

1)     F.  Omori :  Macro-seisniic  Measurement  in  T6ky6,   II ;    E.  I.  C.  Publ.,  No,  11,  p.  51. 
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vertical  motion,  while  the  maximum  amplitude  and 
period  of  the  former  are  respectively  about  3  and  1-4 
times  those  of  the  latter. 

The  period  of  vibration  (horizontal)  has  no  relation  at 
all  to  the  distance  of  the  origin  or  to  the  mean  radius 
of  the  area  of  disturbance.  The  conclusion  is  that  the 
period  at  Hitotsubashi  is  essentially  characteristic  of 
the  locality  itself.  Such  is  probably  also  true  of  other  districts, 
where  the  soil  is  very  soft. 

At  Hitotsubashi  ripples  do  not  practically  exist,  the  soil 
being  apparently  too  soft  to  admit  of  the  formation  of  vibrations  of 
a  very  quick  period. 

S8«  The  average  values  of  the  duration  and  the  7naxiinum 
amplitude  at  Hongo  are  as  follows: — ^^ 

Duration  of  horizontal  motion =96  sec. 
Maximum  horizontal  amplitude =0-79  mm. 
Duration  of  vertical  motion=51  sec. 
Maximum  vertical  amplitude =0-22  mm. 

Thus  at  Hongo  also  the  horizontal  motion  lasts  twice 
as  long  as  the  vertical ;  the  amplitude  of  the  former  being 
nearly  3i  times  that  of  the  latter. 

The  period  of  vibrations  is  not  so  uniform  as  at  Hitotsu- 
bashi, there  existing  evidently  several  different  sets  of  waves. 
Thus,  with  respect  to  the  maximum  horizontal  vibrations 
there  are  essentially  four  periods,  whose  mean  values  are  0-26,  0-60, 
1-25,  and  20  sec;  the  one  most  frequently  occurring  being  the 
2nd  one.  These  fom-  periods  are  roughly  in  the  ratios  of  1:2:4:8. 
With  respect  to  the  mean  period  of  vibrations,  there  are 
similarly  fom-  periods:  0-22,  0-57,  1-18,  and  2-2  sec. 

1)    r.  Omori :  Macro-seismic  Measurement  in  Tokyo,  II ;  E.  I.  C.  Publ.,  No.  11,  p.  53. 
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In  vertical  vibrations,  we  have  four  different  periods  of 
0-23,  0-44,  0-63,  and  0-91  sec.  These  four  sets  of  periods  are 
rouglily  in  the  ratios  of  1:2:3:4. 

With  regard  to  the  ripples,  there  are  two  different  periods 
of  0-20  and  0-47  sec;  the  former  predominating. 

It  is  to  be  observed  that  the  two  periods  of  the  ripples  are 
practically  identical  with  the  two  shorter  periods  of  the  vertical 
motion.  This  seems  to  indicate  that  the  ripples  and  the  vertical 
vibrations  belong,  in  some  cases,  to  one  and  the  same  kind  of 
waves,  which  is  probably  in  a  part  of  the  character  of  surface 
waves. 


Campari9on  of  E)arih^uake  Movemenis  on 
different  Soii^^  etc. 

S9«  The  difference  in  the  earthquake  movements  according 
to  the  nature  of  the  soil  is  well  exemplified  in  the  results  of  the 
observations  at  the  three  stations  mentioned  above.  The  com- 
parison of  the  results  at  Hitotsubashi  and  Hongo  are  especially 
valuable,  as  here  we  can  compare  the  measurements  of  the  same 
earthquakes  at  the  two  places. 

Prof.  Sekiya,  who  was  the  first  to  make  investigations  relative 
to  the  systematic  earthquake  measiu'ements  in  Tokyo, *^  obtained 
many  important  results,  one  of  which  relates  to  the  comparison 
of  the  earthquake  motion  at  Hongo  and  Hitotsubashi.  He  found 
that  in  hard  ground  (Hongo)  the  motion  was  smaller,  the  period 
quicker,  and  the  duration  sliorter,  than  in  soft  soil  (Hitotsubashi); 
their  ratios  being  1  to  2,  1  to  1-3  and  1  to  1-5  respectively. 

1)    S.  Sokiya:  Earthquake  Measurements  of  recent  Years  especially  relating^  to  Vertical 
Motion ;  Jour.  Sc.  Coll.,  Vol.  IX. 


CHAPTER  III.    IKSTEUMESTAL  IKVESTIGATIOXS.  51 

The  result^ ^  subsequently  obtained  by  Prof.  Omori  from  a 
comparison  of  measurements  of  identical  earthquakes  made 
simultaneously  at  HitQtsubashi  and  Hongo  was  nearly  similar  to 
that  obtained  by  Prof.  Sekiya;  the  mean  results  of  the  com- 
parison'^ being  that  the  duration  at  Hitotsubashi  was  1*7  times 
longer  than  that  at  Hongo,  the  maximum  motion  and  the  period 
at  the  former  greater  than  those  at  the  latter  respectively  in 
the  ratios  of  1*9  and  1-4.  Consequently  the  maximum  acceleration 
at  Hitotsubashi  is  1-2  times  greater  than  that  at  Hongo. 

The  above  comparison  relates  to  non-destructive  earthquakes. 
In  destructive  earthquakes,  the  period  of  principal  vibrations  will 
not  be  very  quick  and  consequently  will  not  much  differ  at 
Hitotsubashi  and  Hongo. 

60*  Loose  soft  soil  and  hard  compact  gi-ound  considerably 
differ  in  their  elastic  qualities,  but  their  specific  gi^avities  do  not 
much  differ  from  each  other.  Consequently  it  is  to  be  expected 
that  the  earthquake  movements  in  a  loose  soft  soil  will,  in  general, 
be  slower  in  period  and  greater  in  amplitude  than  those  in  a  hard 
compact  gi'ound  or  rocky  district. 

The  dependence  of  the  intensity  of  earthquake  motion  on  the 
nature  of  soil  is  sometimes  very  strikingly  shown.  Thus,-  for 
example,  on  the  occasion  of  the  great  Mino-Owari  earthquake,  the 
shock  was  veiy  strong  in  the  city  of  Hikone  in  the  province  of 
Omi,  where  several  houses  and  temples  were  entirely  overthrown ; 
while  on  a  neighbouring  hill  the  shock  was  much  weaker,  even 
stones  lanterns  (Japanese  lamp  posts  for  gardens)  not  being  over- 
turned. 


1)  Oinori :  Macroseismic  Measurement  in  T6ky5  ;  E.  I.  C.  Publ.,  No.  II';  or  H6,  No.  41. 

2)  These  results  being  mean  of  different  set  of  earthquakes  from  those  in  the  preceding 
Arts,  are  not  the  same  as  would  be  derived  from  the 'above. 
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The  effect  of  earthquake  motion  will  similarly  be  felt  very 
sevei-ely  in  a  valley  district,  where  loose  soil  is  superposed  on  a 
hard  formation. 

61*  Seini'gnwity  waves.  In  destructive  earthquakes,  the 
ground  surface  may,  under  certain  circumstances,  be  thrown  into  a 
species  of  gravity  waves  of  short  wave-length,  just  in  the  same  way 
as  strong  earthquakes  cause  waves  in  lakes  and  seas ;  the  earth- 
quake movements  must  then  be  accompanied  by  a  considerable 
amount  of  tilting  of  the  ground.  This  probably  accounts  for  the 
statement  often  met  with  in  narratives  of  earthquakes  that  the 
ground  was  thrown  into  waxy  forms.  Especially  on  the  occasion 
of  the  Mino-Owari  and  Shonai  earthquakes  of  1891  and  1894, 
several  reliable  observers  reported  having  witnessed  this 
phenomenon.  Further,  in  the  epicentral  districts  of  these  earth- 
quakes, several  cases  were  noticed,  in  which  the  surface  of  the 
ground  was  thrown  into  permanent  curved  forms.  These  disturb- 
ances, which  usually  took  place  on  paddy  fields  or  other  soft 
marshy  gi-ound,  were  sometimes  limited  in  area,  while  in  others 
they  consi^?ted  of  a  series  of  parallel  ridges  and  depressions  continu- 
ing for  several  hundred  metres.  In  all  the  cases,  however,  the 
wave-lengtli,  that  is,  the  distance  between  successive  ridges  or 
depressions,  which  in  the  case  of  those  formed  in  paddy  fields  can 
easily  be  recognized  on  account  of  the  ridges  projecting  out  of 
water,  was  small  and  amounted  to  from  20  to  40  m.  Now,  as  the 
ground  showed  these  permanent  wavy  deformations  after  the  earth- 
quakes, we  may  reasonably  suppose  that  wavy  movements  of  the 
gi'ound  were  executed  during  the  earthquakes.^' 

62     Comparison   of  the  Earthquake  Motion   above 

1)  F.  Omori:  On  Seismic  iDstruiLents;  Verb.  d.  1.  intern.  Erdbeben  Conferenz  za 
Strassburjj,  1£01. 
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and  below  the  Ground  Level.  From  a  practical  point  of  view, 
with  reference  to  the  building  of  houses,  it  is  interesting  to  investi- 
gate the  shaking  m  pits,  or  excavations  which  might  be  made  for 
fomidations.  Such  a  measurement  was  first  undertaken  by  Prof. 
Milne,  who  found  that  the  motion  in  a  pit  10  feet  deep  was, 
in  one  case,  much  smaller  than  on  the  surface. ^^  The  experi- 
ments subsequently  made  by  Professors  Sekiya  and  Omori  in  a  pit 
18  feet  deep,  at  Hongo,  seem  to  show  that  in  severe  earthquakes 
there  may  be  less  destructive  effects  in  deep  pits  than 
on  the  free  surface.'^ 

63«  Marginal  vibrations.  At  the  edge  of  a  steep  bank 
or  slope,  the  motion  is  intensified  on  account  of  want  of  side  sup- 
port. To  this  phenomenon  of  '^Marginal  Vibrations'^  is  due  the 
formation  of  cracks  along  river  banks  and  the  occurrence  (during 
earthquakes)  of  landslips  from  mountain  sides. 

To  observe  the  effects  of  marginal  vibrations,  late  Prof. 
Sekiya  placed  a  seismograph  at  the  steep  edge  of  a  hill  in 
T5ky6,  38  feet  in  height,  and  another  similar  instrument  at  its 
foot.  The  motions  at  these  two  levels  were  found  to  be  in  the 
mean  ratio  of  2  :  1/- 

Karthquahe  Sounds. 

64*  In  many  cases,  a  rumbling  sound  like  that  of  a  distant 
thunder,  or  a  rushing  sound  like  a  blast  of  wind  is  heard  just  before, 
or  simultaneously  with,  the  arrival  of  the  tremblings  of  the  ground, 

1)  Milne :  On  a  Seismic  Survey  made  in  Tdky5  in  18Si  and  1883 ;  Trans.  Seis.  Soc., 
Vol.  X. 

2)  Sekiya  and  Omori  :  Comparison  of  Earthquake  Measurements  made  in  a  Pit  and  on 
the  Surface  Ground  ;    Jour.  Sc.  Coll.,  Vol.  IV. 

3)  Sekiya:  The  Severe  .Japan  Earthquake  of  the  15th  of  January,  1887  ;  Trans.  Seis. 
Soc..  Vol.  XI,  p.  87. 
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when  the  origin  of  the  disturbance  is  near  to  the  observer. 
These  sound  phenomena  seem  to  be  of  frequent  occurrence  in  a 
rocky  district,  but  very  rare  at  places  situated  in  plains,  like  Tokyo. 
They  have  been  attributed  to  various  causes  by  different  writers; 
among  others,  Prof.  Knott  thinks,  ^^  that  *'they  are  to  be  traced 
to  the  rapid  vertical  vibrations  of  the  ground,  so  rapid  as  to  be 
inappreciable  on  our  seismographs.''  It  seems  very  probable,  that 
they  are  due  to  the  ripples  whose  period  is  very  short  as 
already  mentioned. 

The  subject  requires  further  study. 

Seismic  Triananiaiion}^ 

6S«  The  velocity  of  propagation  of  the  ordinary  earth- 
quake  waves  has  been  determined  with  a  gi'eat  accuracy 
by  the  E.  I.  C,  which  instituted  in  1894,  at  the  suggestion 
of  Professors  Sekiya  and  Omori,  a  system  of  seismic  triangulation, 
consisting  of  four  stations  provided  with  exactly  similar  Ewing 
seismographs  connected  by  a  telegi^aphic  wire.  The  distance 
between  the  four  stations  varied  from  2  29  km.  to  10-80  km.,  the 
four  instruments  being  simultaneously  started  at  tlie  time  of  an 
earthquake,  and  time  marks  being  sent  through  the  wire  every  se- 
cond by  means  of  a  chronometer.  The  velocity  of  propagation  was 
determined  by  identifying  certain  particular  well  defined  vibrations 
in  the  seismograms,  and  finding  the  time  differences  of  their 
aiTival  at  the  different  stations.  The  result,  deduced  by  Dr. 
Imamura,  who  has  been  canying  on  the  observation  since  1895, 
was 

1)  Knott :  Earthquakes  and  Earthquake  Sounds ;  Trans.  Seism.  Soc,  Vol.  XH. 

2)  F.  Omori :  Preliminanj  Report  on  the  Seismic  Trianjfulation  ;  E.  I.  C.  Ho.,  No.  21. 
A.   Imamura:  Seismic  Triangulation  in  T6ky6;    E.  I.  C.  Publ.,  No.  7. 
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V=3.28^±0.05^'". 
V  thus  may  be  taken  as  3-3  km.  per  second. 

When  the  differences  of  times  of  arrival  of  the  earthquake 
motion  proceeding  from  a  near  origin  at  the  different  stations  of 
the  seismic  triangulation  are  accurately  determined,  we  can 
approximately  calculate  the  depth  of  the  focus  ;  the  position  of 
the  epicentre  and  the  velocity  of  propagation  (=3-3  km.  per  sec.) 
being  known.  In  this  way,  the  depths  of  the  centres  of  the  earth- 
quakes on  Nov.  30th,  1894  and  July  2oth,  1898,  which  were  felt 
in  Tokyo  with  moderate  intensity  and  whose  origins  were  situated 
in  Tokyo  Bay,  were  found  to  be  about  60  and  40  km.  respectively. 

With  respect  to  the  velocity  of  propagation  of  earthquake 
waves,  I  shall  have  more  to  say  when  I  come  to  the  observation 
of  the  insensible  motion. 

The  Severe  Tokyo  EJarthqMiake  of  tTune  20,  1894. 

66*  The  earthquake  of  June  20th,  1894  was  the  most  violent 
that  has  shaken  Tokyo  since  the  well  known  great  earthquake  of 
1855.  No  house  was  absolutely  destroyed,  but  in  the  lower  parts 
of  Tokyo  many  brick  buildings  received  severe  damage,  and  large 
number  of  chimneys  was  thrown  down.  The  diagram  of  the  earth- 
quake was  taken  by  a  strong  motion  seismograph  set  up  in  the 
Scismological  Institute,  this  being  the  first  time  that  a  clear 
instrumental  record  of  a  destructive  earthquake  has  ever 
been  taken  [see  fig.  28.]  The  elements  of  motion  were  as  fol- 
lows:— Maximum  horizontal  motion =73  mm.,  direction  S  70°  W, 
Period=l-8  sec,  maximum  acceleration=444  mm.  per  sec.  per  sec. 
Maximum  vertical  motion=10  mm.  Prof.  Omori  remarks  that 
''The    character    of  the    earthquake    motion   was   very   simple. 
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the  preliminary  tremors  having  been  followed  at  once  by  the 
single  maximum  vibration,  which  was  much  larger  than  the  rest  of 
the  motion.  I  believe  the  motion  in  the  meizoseismal  area  of 
destructive  earthquakes  to  be  generally  of  this  type,  and  not 
necessarily  so  complicated  as  at  great  distances  from  the  origin.  In 
the  case  of  small  ordinary  earthquarkes,  there  is  no  single  promi- 
nent displacement,  the  motion  consisting  of  a  great  number  of 
vibrations  of  nearly  equal  amplitude." ^^  * 

(G)    Insensible  or  Micro-Seismic  Motion. 

67*  The  insensible  movements  of  the  ground  may  be  divided 
into  two  kinds,  according  as  they  are  or  are  not  of  the  earthquake 
origin.  The  vibrations  not  of  the  earthquake  origin  have  been 
called  Pulsatory  Oscillations,  while  the  others  are  those  due 
to  distant  earthquakes  (very  distant  and  strong,  or  compara- 
tively near  and  slight). 

Pt%i»atory  0»cUiation». 

68*  The  Pulsatory  Oscillations  are  slow  pulse-like 
movements  of  small  amplitude  [see  fig.  29].  In  some  pro- 
nounced storms  of  pulsatory  oscillations,  the  motion  was  quite  as 
large  as  in  small  earthquakes;  the  maximum  ami)litude  in  each 
component  being  sometimes  nearly  0-2  nnn.  Again,  the 
horizontal  motion  is,  in  general,  much  greater  than  the  vertical ; 
altliough  in  some  cases,  the  latter  is  very  marked  an<l  nearly  equal 
to  the  former. 

1)    Oiiiori  :  Note  on  the  T6ky6  Earthquake  of  June  20th,  1894  ;  E.  I.  C.  Publ..  No.  4,  p.  27. 


Fig.  29.     Pari  of  the  IHasramf  of  Pulsatory  Osolllaiton 

Storm  Off.  Vov^  17th-18th,  1900. 
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The  wave-length  of  pulsatory  oscilations  seems  to  be  much 
longer  than  those  of  the  quick-period  vibrations  which  constitute 
the  ordinary  seismic  shocks. 

The  amplitude  and  period  do  not  vary  within  a  small 
area,  such  as  Tokyo.  When  considered,  however,  with  respect  to 
widely  distant  localities,  there  is  a  great  difference  in  the  frequency 
as  well  as  the  intensity  of  these  movements.  Thus  in  Tokyo,  Osi\ka, 
and  Mizusawa,  pulsatory  oscillations  occiu*  veiy  often  and  have  not 
seldom  quite  a  large  amplitude,  all  these  places  being  situated  on 
plains  of  quaternary  formation.  On  the  other  hand,  the  horizontal 
pendulum  observations  at  Miyako  meteorological  station,  Arima 
and  Kyoto  Imperial  University  show  very  few  and  slight  traces  of 
pulsatory  oscillations.  The  three  last  named  stations  are  situated 
on  a  small  promontoiy  of  paleozoic  formation  among  granite 
mountains,  and  in  a  valley  surrounded  by  mountains. 

As  stated  before,  the  period  of  pulsatory  oscillations  varies 
little,  and  remains  generally  constant  for  several  successive  hours,  it 
may  hence  be  supposed  that  these  movements  represent  the  proper 
\Tibrations  of  certain  portions  of  the  earth's  crust,  such  for  instance 
as  the  plain  of  ]\Iusashi  in  which  Tokyo  is  situated.  In  fact,  there 
is  no  reason  to  suppose  that  the  ground,  when  not  disturbed  by 
earthquakes,  is  perfectly  at  rest:  on  the  contrary,  it  would  be  more 
general  to  assume  that  the  different  portions  of  the  earth's  crust  are 
continually  executing  gi-eater  or  less  movements  of  some  sort;  and 
the  periods  of  some  of  these  vibrations  ought  to  be  determinable  in 
each  case  from  the  geotectonic  circumstances  of  the  gi'ound. 

A  careful  examination  of  the  horizontal  pendulum  diagi^ams 
obtained  in  Tokyo  shows  that  the  pulsatory  oscillations  consist,  in 
most  cases,  essentially  of  the  vibrations  with  a  period  of  about  4 
sec,  more  or  less  mixed  up  with  those  of  a  period  of  about  8  sec. 
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The  vibrations  of  4  seconds  period  occur  very  frequently,  but 
cases  ai^e  not  wanting,  where  the  vibrations  of  the  8  seconds 
period  predominate  almost  exclusively.  Again  there  are  some- 
times cases,  in  which  the  two  kinds  of  vibrations  occur  in 
different  parts  of  one  and  the  same  diagi-am.  Thus,  in  41  out 
of  the  40  cases  of  storms  of  pulsatory  oscillations  in  1900,  the 
average  period  varied  between  3-4  and  5-7  sec,  giving  a 
mean  value  of  4-4  sec.  (=Qi).  In  the  remaining  five  cases,  the 
average  period  varied  between  71  and  9-3  sec,  giving  a  mean 
value  of  80  sec  (=Qs)-  large  pulsatory  movements  at  the 
time  of  veiy  deep  cyclones  having  generally  the  8  seconds 
period.  8ome  of  the  cases,  in  which  the  period  is  between  4  and 
8  seconds,  arc  probably  produced  by  the  mixing  together  of  the 
two  series  of  movements.  We  may  perhaps  assume  that  the 
8  seconds  period  vibration  constitutes  the  fundamental  oscillation 
proper  to  the  Tokyo  plain,  the  4  seconds  period  vibration  being 
one  of  its  harmonics.  ^^ 

The  i)eriod  of  pulsatory  oscillations  at  Osaka^^  varies  between 
31  and  0-9  sec;  the  majority  being  between  4  and  5-9  sec 
The  total  average  value  of  the  period  comes  out  to  be  51  sec, 
which  is  approximatly  equal  to  that  most  frequently  occuiTing  in 
Tokyo,  denoted  by  Q,  above.  ^^ 

69*  Pulsatory  oscillations  generally  accompany 
low  barometric  pressure;  the  effect  of  a  very  deep  cyclone 
being  already  sensible  at  a  distance  of  some  thousand  kilometres. 
In    a   few   cases,    however,     pronounced     storms    of     pulsatory 


1)  F.  Omori:  Horizontal  Pendulum  Observation  of  Earthquakes  at  Hitotsubashi  (T5kjd), 
19U0  ;    E.  I.  C.  Publ.,  No.  13,  pp.  81-8G. 

2)  F.  Ouiori :  On  Pulsatory  Oscillations  at  Tdkyo  and   Osaka;   Chishitsugaku  Zassbi,  No. 
125,  1904. 
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oscillations  occurred  on  days  when  very  quiet  weather  prevailed 
all  over  Japan. 

In  Tokyo,  earthquakes  rarely  occur  while  pulsatory 
oscillations  are  going  on  actively.  On  the  other  hand, 
there  are  often  local  shocks  when  these  oscillations 
come  to  a  state  of  minimum  activity.  Prof.  Omori,  by 
observing  the  records  of  pulsatory  oscillations,  has  been  able, 
on  several  occasions,  to  predict  the  occurrence  of  an  earthquake 
within  some  10  or  12  hours. 


OhservaiioBi  of  I>istant  Karthquahes  in  Tokyo. 

70*  From  the  observations  made  in  Tokyo  of  insensible 
motion  due  to  distant  earthquakes,  made  with  Prof.  Omori' s 
Horizontal  Pendulum  Seismographs,  many  important  results 
have  been  obtained,  of  which  I  proceed  to  give  a  very  brief 
summary. 

71*  A  careful  examination  of  seismograms  shows  that  the 
earthquake  motion  consists  generally  of  several  sections,  in  each 
of  -which  the  period  remains  essentially  constant,  while  the 
amplitude  is  also  on  the  whole  constant,  except  for  the  occurrence 
of  maximum  and  minimum  gi'oups. 

The  successive  sections  of  the  earthquake  motion,  illustrated 
in  fig.  30,  are  as  follows :  — 

The  1st  Section^  in  which  we  have  vibrations  of  small 
amplitude  and  comparatively  short  period ; 

The  Snd  Section^  having  vibrations  of  somewhat  larger 
amplitude,  and  often  marked  by  the  appearance  of  slow  vibrations, 
superposed  on  the  others; 
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The  3rd  Section,  consisting  of  a  few  slow  vibrations; 

The  4th  Section,  consisting  of  vibrations  somewhat  quicker 
than  in  the  3rd  section,  and  of  very  largo  amplitude ; 

The  5^/i  Section,  of  vibrations  of  much  sliorter  period  than 
in  the  3rd  and  4th  sections,  and  of  large  amplitude ;  followed  by- 
others  of  smaller  amplitude,  which  may  be  called  respectively 

The  6th,  7th,  8th,  (&c.  Sections.  The  3rd  and  following 
sections  constitute  the  main  part  of  the  earthquake  motion.  And 
finally, 

The  Tail,  being  the  feeble  finishing  part  of  tlie  earthquake 
motion. 
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The  If^t  and  2nd  sections  are  usually  known  as  the  1st  and 
2nd  preliminary  tremors,  the  3rd,  4tli,  5th,  &c.  sections  as  the 
Isty  2nd,  3rd,  iC'c.  phases  of  the  j)rincipal  portion  ;  and  the  tail 
as  the  end  portion. 

In  earthquakes  of  near  origin,  the  motion  is,  on  account  of  the 
existence  of  quick   sensible  vibrations,   much  more  complex  than 
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in  distant  earthquakes.  I  have  already  mentioned  [Art.  49]  that 
it  may  be  divided  into  three  sections,  taking  the  records  given  by 
the  ordinaiy  seismogi'aphs :  when  seismograms  taken  with  Omori 
seismogi-aphs  are  examined  carefully,  the  existence  of  two  stages 
of  preliiliinar}^  tremors  may  often  be  distinguished,  but  it  is 
generally  difficult  to  recognize  different  phases  of  the  main  part  as 
in  distant  earthquakes ;  it  is  even  possible,  that  the  coiTesponding 
vibrations  are  included  under  different  divisions. 

Illustrative  diagrams  obtained  with  Omori  seismographs  are 
given  in  figs.  31,  32,  and  37. 

7aj*  As  in  the  case  of  near  earthquakes,  the  duration  of  the 
preliminary  tremors  is  found  to  depend  entirely  on  the  dis- 
tance of  the  origin  from  the  observing  station:  thus  let 
X  denote  the  arcual  distance  or  the  distance  along  the  great  circle 
between  the  epicentre  and  the  observing  station,  and  y  the  dura- 
tion of  the  preliminary  tremors,  then  from  the  observation  of 
earthquakes  whose  x  varied  between  2000  and  14,000  km.,  the  fol- 
lowing equation  between  x  and  y  has  been  deduced  by  Prof.  Omori.  ^^ 
[See  fig.  33.] 

x^"'=G-54y'^+720''"' 
This  equation  is  practically  identical,  for  large  values  of  x  and 
y  with  the  equation  [of  Art.  54]  deduced  from  the  earthquakes  whose 
x  is  less  than  1000  km.  We  liave,  then,  the  remarkable  fact,  that 
the  duration  of  the  preliminary  tremors  is  proportional 
to  the  arcual  distance  of  the  origin.  The  time  taken  by  each 
of  the  subsequent  sections  of  the  earthquake  motion  seems  also  to 
be  proportional  to  the  arcual  distance. ^^  [See  fig.  34.] 

li^Xj  ,  1)    F.  Omori :  Horizontal  Pendulum  Observation  of  Earthquakes  at  Hitotaubashi  (Tokyo), 

/     ^    190/;    E.  I.  0.  PuU..  No.  13.  p.  87. 

'     2)    A.  Imamura:   On  the  ^lilne  Horizontal  Pendulnm  Diagrams  obtained  in  T5kyo; 
E.  I.  C.  Publ.,  No.  IG. 
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78*  (Periods  of  vibrations.  The  predominating  periods  in 
the  different  sections  of  the  distant  earthquake  motion  observed 
at  Hitotsubashi  (Tokyo)  were  as  follows;  those  very  frequently 
occurring  being  given  in  black  letters. 

sec.  sec.  sec. 

1  st  preliminary  tremoi-s 1  04 ;  4-6 ;     8-7 

2nd         ,,  ,,  8  5;   14  8 

3r(l  section 22-9;  270 

4tli       ,,      130;   178;  22  3;   25  0 

otji      y^      .v*^;   i«5'0 

Tail      96;   IGO 

It  will  be  observed  tliat  the  two  periods  of  about  4^  and  8|  sec. 
occur  most  fi^equently  in  the  preliminaiy  tremors;  this  being  also 
the  case  witli  the  observations  made  at  Hongo. 

The  different  jieriods  of  vibrations  in  the  1st  and  tlie  2nd 
preliminaiy  tremors  do  not  depend  on  their  duration,  that  is  to 
say,  on  tlie  distance  of  the  earthquake  origin  from  tlie  observuig 
station.  A  similar  conclusion  probal)ly  liolds  good  also  for  the 
periods  in  other  stages  of  the  earthquake  motion. 

74»  Thus  there  are,  in  the  1st  and  2n(l  preliminaiy  tremors, 
two  predominating  periods,  which  may  he  denoted  by  Pi  and  1%, 
and  whose*  mean  values  are 

Pi=40sec.,  rs=8-3sec.; 
now  tliese  are  i)ractically  identical  respectively  Avith  the  two  periods, 
Qi  =  4-4  sec.  and  Q..,=80  sec,  found  for  the  pulsatoiy  oscillations 
in  Tokyo  [Art.  (58.]  ]Moreover  the  periods  Pi  and  Pa  do  not 
(le})end  on  the  distimce  of  an  epicentre  from  the  ol)serving  station, 
or  on  the  nature  of  the  disturbance  at  the  seismic  origin,  but  are 
characteristic  of  the  region  about  Tokyo. 

We  may  hence  probably  explain  the  existence  of  the  prelimi- 
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nary  tremors  somewhat  as  follows :  — the  waves  of  the  preliminary- 
tremors  are  transmitted  along  a  deep  layer  of  the  earth's  crust  with 
a  velocity  of  some  14  km.  of  Avhich  I  shall  speak  presently,  and 
commmiicate  a  sort  of  stress  to  the  superincumbent  surface  layer 
of  the  earth's  crust  in  the  region  about  the  observing  station:  the 
latter  being,  in  consequence,  thrown  into  its  own  proper  vibrations. 
In  fact,  the  preliminaiy  tremors  seem  to  be  nothing  else  than  the 
pulsatory  oscillations,  caused  by  the  waves  transmitted  along  a  deep 
layer  of  the  earth's  crust  from  the  origin  of  earthquakes.^^ 

75*  Taking  the  observations  of  11  great  distant 
earthquakes,^^  the  predominating  periods  in  the  different 
sections  of  the  motion  are  as  follows :  — 

sec.  sec.         sec. 

1st  preliminaiy  tremors 41;     7-8;    13-9 

2nd         ,,  ,,       4-8;     8-2;   150 

3rd  section      301 

4th       ,,  275;   337 

5th       ,,  20-4;  240 

Gth       ,,  11-7;    141) 

7th       , 14-3 

8th       , 145 

Tail 9-9;    143;    19  8 

The  durations  of  the    different   sections   of   the    earthquake 

motion  are  roughly  equal  to  one  another;    the  3rd  and  the  4th 

sections  being  taken  together. 

The  amplitude  of  motion  is  smallest  in  the  1st  preliminary 

tremors,  and  greatest  in  the  4th  and  5th  sections. 

The    mean    maximum   (EW)   amplitudes   in    the   successive 


1)  F.   Omori :    Horizontal   Pendulum    Observations    of    Earthquakes    at    Hitotsubashi 
(T6ky6).  1900 ;    E.  I.  C.  Publ.,  No.  13,  p  p.  84—86. 

2)  Loc.  cit.     p.  115. 
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sections  of  tlie  earthquake  motion,  deduced  from  tlie  observations 
of  nine  large  disturbances,  are  as  given  in  the  following  table, 
where  2a  denotes  the  actual  value,  and  2a'  the  relative  value,  the 
amplitude  of  motion  in  the  1st  preHminary  tremors  being  taken  as 
100. 


Sections  of  earthquake  motion. 

2a 

2a' 

1  st  prehniinaiy  tremors      

mm. 

0-24 

100 

2ncl        ,,               ,,             

1  35 

560 

3rI  section    

1  32 

550 

4th      

436 

1820 

5th      

2-93 

1220 

Gth      ..         

202 

840 

7th      , 

1  -35 

560 

8th      ,,         ... 

103 

430 

Fig.  35  illustrates  diagramatically  the  character  of  motion  in 
the  first  eight  sections  of  great  distant  earthquakes,  with  regard  to 
the  duration  and  amplitude. 


Fig.  ;35. 
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The    Velocities  of  Propaaaiion  of  the   Vibratiotia. 

76*  In  calculating  the  velocities  of  propagation  of  distant 
earthquake  waves,  it  makes  a  great  difference  according  as  we 
suppose  the  waves  to  be  propagated  along  the  chord  joining  the 
origin  to  the  observing  station,  or  parallel  to  the  surface.  Recent 
investigations  would  seem  to  point  to  the  latter  as  more  probable. 
Calculated  on  this  supposition,  the  velocities  of  the  different 
corresponding  waves  of  the  earthquake  motion  come  out  practically 
the  same,  whatever  the  (arcual)  distances ;  whereas  on  the  chord 
supposition,  the  velocities  of  the  corresponding  waves  come  out 
quite  different,  according  to  the  distances.  ^^ 

If  we  denote  by  v,,  To,  rg,  and  1*5  the  velocities  of  propagation 
(supposed  parallel  to  the  surface)  of  the  waves  at  the  commence- 
ment of  the  1st,  2nd,  3rd  and  5th  sections  of  the  earthquake  mo- 
tion, which  are  usually  well  marked,  theu'  values  deduced  from  the 
observations  in  Europe  of  the  recent  great  Japan  earthquakes  are 
as  follows:'^ 

i^  =  141^'"7,«,.     r,=7.5^-/,,,     t^3=4-7^"^7,eo.     ^,=3-3  ^"^V^,. 

The  observation  of  the  Caracas  Earthquake  of  .Oct.  29th, 
1900,  at  Tokyo  and  several  European  stations  gave  approximately 
the  same  results,  viz.   ri  =  13-6,  r2=7-2,    ^6=3  4  km.  per  second. ^^ 

The  values  deduced  by  Dr.  Imamura  from  a  careful  examina- 
tion of  the  Milne  Horizontal  Pendulum  Seismogi-ams  obtained  at 
vai'ious  stations  all  over  the  world  are  also  similar  to  the  al:)ove 


1)  Omori :  Horizontal  Pendulum  Observ.  of  Earthquakes  ;  E.  I.  0.  Publ.,  No.  13. 

2)  Omori,  loc.  cit.,  p.  137. 

3)  Omori,  loc.  cit.,  p.  1H8. 
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values:  viz.  r,  =  13-2,  r,=6.8,  ^3=4  5,  r,=3.3,  ^^=28,  ry=2.4, 
r8=21  km.  per  second. ^^ 

77*  The  velocity  of  propagation  of  the  vibrations  at  the 
commencement  of  the  main  part  of  a  near  earthquake  was,  as  I 
have  already  stated  [Art.  64],  found  by  the  method  of  Seismic 
Triangulation  to  be  3  3  km.  per  second,  which  is  the  same  as  r, 
above.  The  velocity  corresponding  to  the  initial  wave  of  the  pre- 
liminary tremors  of  a  near  earthquake  seems  to  differ  very  much 
according  to  the  distance  of  the  origin,  but  from  the  equation  of 
duration  of  the  initial  vibrations  and  the  distance  of  the  origin 
[Art.  54],  it  must  be  tolerably  great ;  two  Formosan  earthquakes  and 
two  Manila  earthquakes  gave  a  mean  value  of  about  1 1  km.  per  sec. 
for  this  velocity.  Quite  recently.  Dr.  Imamura  has  found  that  even 
for  earthquakes  whose  origin  is  distant  less  than  1000  km.,  by 
taking  difference  of  times  of  arrival  at  two  stations,  which  were 
some  300  km.  distant,  this  velocity  comes  out  to  be  about  13  km., 
which  is  approximately  the  same  as  i\.^^  This,  if  true,  is  a 
further  confirmation  of  the  supposition  of  arcual  propagation.  An 
accurate  determination  of  this  velocity  will,  it  is  hoped,  be  under- 
taken in  a  near  future. 

78»  Prof.  Nagaoka's  recent  investigations^^  of  the  elastic 
constants  of  rocks,  of  which  I  shall  speak  presently,  show  that  the 
approximate  velocities  of  propagation  of  longitudinal  elastic  waves 
(calculated  from  the  elastic  constants  of  the  specimens)  varied 
from  little  over  1  km.  to  7  km.  per  sec,  by  far  the  largest  number 
having  a  velocity  of  about  3  km.    This  seems  to  show  that  the  waves 


1)  Imamura:  On  Milne  Horizontal  Pendulum  Seismograms  obtaiaed  at  Hongo,  T5kyd  ; 
E.  I.  C.  Publ..  No.  16,  p.  115. 

2)  Imauiura  :  Not©  on  the  Transit  Velocity  of  the  Earthquake  motion  originating  at  a 
near  distance  ;  Su.  Butsu.  K.  G.,  Vol.  II,  No.  13. 

3)  Nagaoka :  Elastic  Constants  of   Rocks  and  the   Velocity  of  Seismic  Waves;  E.  l.C. 
Publ..  No.  4,  or  PhU.  Mag..  May,  1900. 
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in  the  5th  section  in  distant  earthquake  motion  and  the  principal 
waves  in  the  near  earthquake  disturbance,  both  having  a  velocity  of 
about  3-3  km.  per  sec.  are  propagated  along  the  surface  of  the 
earth's  crust.  According  to  Prof.  Nagaoka,  older  rocks  have 
greater  velocity  than  the  new,  and  we  shall  have  greater  velocities 
as  we  go  deeper  down,  until  we  come  probably  to  a  stratum  of 
maximum  velocity.  It  is  probable,  that  the  waves  having  veloci- 
ty i?2=  say  7  km.,  and  r8=say  4-5  km.  are  transmitted  along  a 
layer  at  some  small  depth  within  the  earth' s  crust.  For  no  rock 
tried,  was  there  such  high  velocity  as  13  or  14  km.,  but  probably 
such  velocity  is  attained  by  some  tolerably  deep  stratum,  — Prof. 
Nagaoka' s    **  stratum  of  maximum  velocity." 

The  above  supposition  gives  a  very  easy  explanation  of  the 
fact  that  the  dm'atioii  of  the  preliminaiy  tremors  is  proportional  to 
the  arcual  distance  of  the  epicentre  and  the  observting  station,  for 
this  duration  is  the  time  between  the  arrivals  of  the  initial  waves 
of  the  preliminary  tremors  and  of  the  main  part,  and  therefore 
ought   to    be    equal    to    the   distance  divided  by  the   difference 

of  velocities,  i\ — Vg,  which  is 
on  our  supposition  found  to  be 
constant. 

79*  (Propagation  of  seismic 
waves  completely  round  the  earth. 
Let  T  be  the  observing  station 
(Tokyo),  and  C  the  earthquake 
origin  [fig.  36] .  Then  there  are  three 
sets  of  motion,  which  can  l)e 
distinguished  and  which  we  shall 
denote  respectively  W,,  W2  and  Wj 
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waves^^i—Jirstli/,  the  W,  waves  are  those  propagated  from  C  to  T 
along  the  shortest  path,  parallel  to  the  surface ;  secondly^  the  Wi 
waves  are  those  propagated  from  C  in  the  opposite  direction  and 
arriving  at  T  after  passing  through  the  antipode  of  C ;  and  thirdly^ 
the  Wb  waves  are  the  W,  waves,  which  are  propagated  beyond 
T  in  the  same  direction,  and  again  arrive  at  T  after  making  one 
complete  circuit  of  the  earth.  Fig.  37  which  is  the  NS  component 
diagram  of  the  Turkestan  earthquake  of  Aug.  22,  1902,  recorded 
at  Hongo,  Tokyo,  indicates  the  W2  and  W3  waves  distinctly. 

The  identification  of  the  W3  waves  is  possible  only  in  a  very 
few  number  of  cases;  that  of  the  -Ws  waves  is,  however,  more  de- 
finite, being  usually  characterized  by  the  fact  that  their  period  is 
much  slower  than  those  of  the  preceding  vibrations,  which  form 
the  tail  of  the  W,  waves. 

The  average  period  of  the  W2  waves  is  witli  a  few  exceptions 
very  uniform  and  gives  a  mean  value  of  20-4  sec,  which  is  identi- 
cal with  the  predominating  period  in  tlie  otli  section ;  the  period 
of  the  W3  waves  is  also  probably  nearly  the  same  as  tliat  of  the 
\V2  weaves.  These  facts  seem  to  indicate  that  tlie  Wo  and  W3  waves 
are  the  same  waves  as  those  whicli  constitute  the  5tli  section  of 
the  earthquake  proper.  That  this  is  })rol)ably  the  case  may  easily 
be  understood,  as  the  vibrations  in  tlie  5th  section  liave  large 
amplitude,  while  their  period  is  tolerably  slow,  but  not  so  very 
long  as  that  of  the  waves  in  the  3rd  and  the  4th  sections. 

The  time  interval  between  the  arrival  of  the*  Wi  and  that  of  the 
Ws  waves  is  3^*  20""  40';  this  ngi'ees  with  the  time  that  would  be 
taken  by  the  vibrations  in  the  5th  section  in  making  one  complete 
circuit  round  the  earth,   with  the  velocity  of  3-3  km.  ])er  sec. 


1)     F.  Omori :  Horizontal  Pecdulum  Observntion  of  Earthquakes  at  Hitotsubnshi  (Tokyo), 
1900  ;    E.  I.  C.  I  ubl..  No.  13,  p.  119. 
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The  amplitude  of  the  W2  waves  is  generally  very  much  smaller 
than  that  of  the  Wj  waves ;  the  motion  of  the  Ws  waves  being  again 
much  smaller  than  that  of  the  Wj  waves.  This  ought  of  course  to 
be  the  case,  as  the  intensity  of  the  seismic  waves  rapidly  decreases 
with  an  increase  of  the  distance  from  the  centre  of  disturbance. : 

In  a  number  of  Milne  horizontal  pendulum  photograms,  Dr. 
Imamura  has  ascertained  the  repetition,  in  the  Wa  waves,  of  the 
3rd  and  6th  sections  as  well  as  the  5th  section.*^ 

80«  Longitudinal  and  Transverse  Vibrations.  In  the 
meizoseismal  area  of  great  destructive  earthquakes,  the  directions 
of  the  maximum  motion  at  different  places  generally  converge  to, 
or  are  symmetrical  al.iout,  the  epifocal  region.  Again,  it  is  well 
known  that  the  macro-seismic  motion  at  great  distance  from  the 
origin  consists  mainly  of  liorizontiil  vibrations.  These  facts  seem  to 
show  that  the  most  active  part  of  the  earthquake  motion  consists  of 
longitudinal  waves;  and  we  may  suppose,  therefore,  that  the 
velocity  of  propagation  of  the  most  active  part  in  the  macro-seismic 
disturbances,  and  also  of  the  5tli  section  in  distant  earthquakes, 
characterizes  the  longitudinal  component  of  the  seismic  motioi^i.  We 
have,  however,  no  reason  to  suppose  that  the  transverse  component 
is  entirely  wanting  in  the  seismic  disturbances.  Only  its  amplitude 
would  in  most  cases  be  smaller  and  its  velocity  of  propagation  less 
than  in  the  longitudinal  component.  Now,  according  to  the  results 
obtained  by  Prof.  Nagaoka,^^  the  ratio  of  the  longitudinal  to 
the  transverse  velocity  would  be  about  1-6:  1  for  granite,  and  1-5:1 
for  andesite.  One  of  the  three  velocities,  Tg,  tv,  and  fg,  possibly  r,, 
may  be  that  of  the  transverse  waves;  the  ratio  ^5/(^8  being  1-8:  1.^^ 

1)  E.  I.  C.  Publ.,  No.  16. 

2)  Nogaoka :  Elistic  Constants  of  Rocks  and  the  Velocity  of  Seismic  Waves ;  E.  I.  C. 
Publ.,  No.  4. 

3)  Oiiiori :  Horizontal  Pendulum  Observations  of  Earthquakes  at  Hitotduboshi  (TokyS), 
1900;     E.  1.  C.  Publ.,  p.  12+. 
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From  an  examination  of  Milne  Horizontal  Pendulum  photograms, 
Dr.  Imamura  says:  ''  It  (6th  phase  of  the  principal  portion  or  8th 
section)  develops  itself  sometimes  quite  distinctly  and  is  easily 

distinguished  from  the  preceding   stages The  velocity  comes 

out  to  be  2-1  km.  per  sec,  so  that  the  ratio  rgirg  is  1-5, "'^ 

(D)    Nature  of  Earthquake  Motion. 

81*  The  earthquake  motion  may  be  linear  or  tilting  or  both 
combined.  The  important  question  is:  which  is  it?  All  the 
results  of  the  earthquake  measurements  which  I  have  given  are 
based  on  the  assumption  that  the  earthquake  motion  or  the 
motion  recorded  by  the  seismographs  is  linear  and  not  tilting.  I 
shall  now  state  some  of  the  principal  grounds  for  this  assumption. 

83«  First  J  for  the  macro-seismic  motion.  The  length 
(^),  the  period  (T)  and  the  propagation  velocity  (V)  of  a  wave  are 
connected  with  each  other  by  the  well  known  relation  ;.=Tx  V,  in 
which  V  is,  say,  equal  to  3-3  km.  per  sec.  To  take  an  example,  let 
us  suppose  that  in  an  earthquake  the  vertical  motion  amounts  to 
100  mm.;  the  period  T  may  be  taken  at  1^  sec.  the  period  of  the 
principal  vibrations  in  a  strong  earthquake  being  seldom  less  than 
1  sec.  The  wave-length  ^.  then  comes  out  to  be  about  5  km.,  that 
is  to  say,  there  is  a  vertical  displacement  of  100  mm.  in  the  hori- 
zontal distance  of  2^  km.,  the  maximum  angle  of  inclination  of  the 
ground  surface  being  about  13".  Such  a  small  angle  of  inclination 
c^n  not  be  felt  by  the  ordinaiy  macroseismic  instiaiments,  neither 
can  it  be  directly  observed  with  our  eyes.  The  vertical  motion  of 
100  nmi.  here  supposed  can  occur  only  in  an  extremely  destructive 

])  Imauiura:  On  Milne  Horizontal  Pendulum  Seiemoj^rams  obtained  at  Hon §^,  Tdky5; 
E.  I.  C.  Publ ,  No.  16. 
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earthquake;  thus  in  the  severe  Tokyo  earthquake  of  June  20th, 
1894,  the  verticiil  motion  was  only  11  mm.  With  small  earthquake 
vibrations,  whose  period  is  short,  the  wave-length  will  be  shorter 
than  the  value  above  estimated ;  but  at  the  same  time,  the  vertical 
motion  is  infinitesimally  small  and  consequently  the  angle  of 
inclination  of  the  ground  sm'face  will  be  perfectly  negligible. 

Thus  the  earthquake  waves,  which  constitute  the  macro- 
seismic  motion  and  have  a  transit  velocity  of  3-3  km.  per  second, 
can,    in  general^   have  no  sensible  tilting  motion.     They  are   the 

vibrations  of  the  material  form- 


Fig.     38. 


ing  the  earth' s  crust,  which  for 
small  earthquake  movements, 
may  well  be  supposed  to  lie 
within  the  elastic  limit  of  the 
latter. 

88*  The  following  is  the 
principle  of  the  experiments 
made  to  test  the  existence  or 
non-existence  of  tilting  in  the 
macro-seismic  motion,  carried 
on  since  1897  at  the  Seismol- 
ogical  Institute.^  ^  I^et  there  be 
three  horizontal  pendulums,  I, 
II,  and  III  [fig.  38],  in  which 
C,  C",  C  '  are  the  heavy  bobs; 
B'C,  B"C",  B'"C"'  the  ties; 
A'C,  A"C",  A'"C"'  the  struts; 
and  CD',  CD",  C'"D'"  the 
writing    pointers;     the    lengths 


1)     Omori  :  On  the  Nature  of  Earthquake  Motion  ;  E.  I.  C.  H6.,  No. 
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A'D',  A"D"  and  A'"D"'  being  equal  to  one  another  (=L). 
Further,  let  the  two  pendulums,  I  and  II,  have  a  common  angle 

(=y)  of  inclination  of  the  pendulum  axis  to  the  vertical,  the  ratios 

AC  A"C" 

of  multiplication    ^,    ,    and  ,,    being  unequal;    while    the 

two    pendulums,     I  and  III,  have  equal  ratios  of  multiplication, 

A'C  A'"C'" 

-?=T7Yrr    and  ,  but    unequal    angles  of  inclination  of  the 

pendulum  axes,  ^  and  f '.  The  three  pendulums  are  placed  Avith 
their  planes  parallel  to  one  another.  Thus  the  first  two  pendulums 
would  have  an  equal  sensibility  for  a  tilting  motion,  but  different 
magnifications  for  a  horizontal  motion ;  w-hile  the  first  and  third 
pendulums  have  an  equal  magnification  for  a  horizontal  motion, 
but  different  sensibilities  for  a  tilting  motion. 

The  observtions  made  with  these  contrivances  of  a  number  of 
small  and  also  of  moderately  strong  earthquakes  show  that  the 
tilting  motion  is  absent,  or,  if  present,  not  large  enough  to  be 
sensible  to  the  ordinary  seismographs. 

84#  J^exi;  for  Micro-seismic  moiion.^^  The  observational 
gi-ound  for  the  assumed  linearity  of  the  long-period  vibrations  due 
to  distant  eartliquakos  is  similar  to  that  for  the  case  of  the  macro- 
seismic  motion,  namely,  the  dependence  of  the  recorded  amplitude 
of  motion  on  the  multiplication  ratio  of  the  writing  pointer,  and 
not  on  the  sensibility  of  the  horizontal  pendulum  to  tilting,  in  so 
far  as  the  diagi-am  is  not  confused  by  the  proper  oscillations  of  the 
heavy  steady  mass   itself. 

Another  point,  which  bears  on  the  question  of  the  nature  of 
the  slow  earthquake  undulations,  is  the  amount  of  the  vertical 
acceleration  which  would  exist  according  to  the  assumption  that 

1)  F.  Omori :  Horizontal  Penduliiuis  for  roiristerin^  mechanically  Earthquakes  and  other 
Movemeuts :  Jour.  Sc.  Coll.,  Vol.  XT.  Also:  Results  of  the  Horizontal  Pendulum  Observations 
of  Earthquakes,  July,  189S  to  Dec,  1899.  Tokyo.     E.  I.  C.  Publ.,  No.  5. 
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these  slow  movements  are  due  to  the  tilting  of  the  ground.  As 
illustrative  examples  we  may  take  the  Ceram  earthquake  of  Sept. 
30th,  1899,  and  the  Alaska  earthquake  of  Sept.  4th,  1899;  the 
principal  movements  in  these  earthquakes  observed  in  Tokyo 
being  respectively  as  follows: — recorded  motion  =  54  mm.,  period = 
38  sec;  recorded  motion=48  mm,  period  =  lG-2  sec.  Tliese  vibra- 
tions, if  due  to  the  tilting  of  the  ground,  would  correspond 
respectively  to  the  following  maximum  vertical  displacements  and 
accelerations :  — 
Ceram  earthquake: — maxinunn  vertical  displacement  =  1010  mm; 

maximum  vertical  acceleration =22n"»»/*ee.^ 
Alaska  earthquake: — maxinunn  vertical  displacement =41(>  mm; 

maximum  vertical  acceleration  =  oln»"/««^' 
Again,  in  the  Indian  earthquake  of  June  12th,  1897,  the 
period  of  large  vibrations  and  the  maximum  inclination  in 
Europe  were,  according  to  Dr.  Agamennone,  respectively  20 
sec.  and  12".  These  quantities  would  correspond  to  a  vertical 
displacement  of  1220  nmi.  and  the  maximum  vertical  acceleration 
of  GO  nun.  per  sec.  per  sec.  Thus,  under  the  supposition  of  tilting, 
the  vertical  displacement  must  reach  often  a  consi(l(»rable 
amount,  the  maximum  acceleration  varying,  in  the  examples  given 
above,  between  22  and  60  mm.  per  sec.  per  sec.  ^Movements  like 
these  would  be  sufficiently  intense  to  bo  felt  by  us,  and  indeed  a 
motion  with  an  acceleration  of  50  to  iM)  nun.  per  sec.  per  sec.  may 
be  classed  as  a  strong  earthquake  sliock.  On  the  other  liand,  the 
maximum  acceleration  of  the  slow  earthquake  vibrations,  calculat- 
ed under  the  su])position  of  tlie  horizontal  motion,  is  found  to  be 
veiy  small,  l)eing  a  mere  fraction  of  one  nun.  per  sec.  i)er  sec,  an 
amount  much  too  small  to  be  sensil)le,  or  even  to  be  registered  l)y 
ordinary  seismographs.       Thus  the    conclusion   is  tliat   the    slow 
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eartliqiiake  vibrations  can  not,  at  least  generally,  be  regarded  as 
tilting  motion. 

89«  (Pulsatory  Oscillations.  The  pulsatoiy  oscillations  seem 
also  to  be  linear,  the  recorded  amplitude  depending  simply  on  the 
multiplication  ratios  of  the  writing  pointers  of  the  seismographs.^^ 

86*  What  has  been  said  relates  to  ordmaiy  and  insensible 
earthquake  vibrations  and  pulsatory  oscillations.  In  very  violent 
earthquakes,  however,  waves  of  short  length,  which  are  accom- 
panied by  a  considerable  amount  of  tilting,,  may  be  produced  in 
soft  gi'ounds  [as  stated  above  in  Art.  61].  Again,  the  ground 
seems  to  be  subject  to  diurnal  and  other  periodic  changes  of  level 
from  meteorological  and  other  causes.  These  changes,  the  observa- 
tion of  which  has  not  yet  been  carried  on  very  satisfactorily,  form 
an  important  subject  of  investigation  in  connection  with  the 
rigidity  of  the  earth' s  crust. 

87*  I  have  briefly  sketched  the  more  important  conclusions 
deduced  from  the  observations,  made  mostly  with  Ewing-Gray- 
Milne  and  Omori  seismograplis;  the  latter  is  set  up  at  present  only 
in  the  J^eism.  Institute  (butli  at  Hongo  and  Hitotsubashi),  the 
Central  Meteorological  Observatoiy,  Kyoto  Imp.  Univ.,  Inter- 
national Latitude  Observatory  at  Mizusawa,  and  quite  recently 
at  a  few  local  meteorol.  stations,  such  as  Osaka,  Kol)e,  Tadotsu, 
Miyako,  Isliinomaki,  and  several  in  Formosa  and  Pescadores;  it  is 
hoped  to  increase  tlie  numbei-  of  such  stations.  With  regard  to  the 
results  stated  both  in  tliis  chai)ter  and  in  the  preceding  one,  future 
observations  may  cause  some  of  tliem  to  be  modified,  indeed  there 
are  several  points,  on  wliicli  a  revision  of  the  results  obtained  with 
the   Ewing-Gray-^Iilne    seismographs  seem   desirable,   as   I  have 

1)     Omori:  Horizontal  Pendiilnm  for  r<:»gi8t*?ring  m*»chaiiically  Earthquakes,  etc.;  Jour.  Sc. 
Co]l,  Vol.  XI. 
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pointed  out.  Again  I  think  it  quite  likely  for  instance,  that  the 
amplitude  of  slow  vibrations  recorded  by  any  of  the  present 
instruments  may  be  smaller  than  it  really  is,  owing  to  the  friction 
between  the  parts  of  the  instrument.  Other  results  will  probably 
have  details  filled  in. 

In  fact,  the  results  obtained  so  far  are  mostly  to  be 
regarded  rather  as  first  approximations,  and  we  are  now  entering 
upon  the  era  of  second  approximations. 
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CHAPTEB  IV.  GEOLOGICAL  INVESTIGATIONS. 

88#  ^/:^  seiztnological  cJ:::racfer  cf  a  ccuKtry  manifestly 
depoiuls  up<^>n  its  geological  structure:  hence  a  thorough  know- 
lodge  of  the  latter  i.s  e>.sential  to  the  proper  understanding  of  the 
cause  of  earthquakes,  of  their  distrilnition  in  time  and  space,  of  their 
frequency,  and  of  many  other  things  connected  vnXh  earthquakes 
proper  and  other  motions  of  the  earth.  Fortunately,  the  Imix-rial 
Geological  Survey  of  Japan  was  organized  in  1879,  at  the  sugges- 
tion of  Prof.  E.  Naumann  of  Tokyo  Univ.  The  excellent  work, 
that  the  Survey  has  been  and  is  d«>ing,  may  hy  seen  from  the  little 
pamphlet  published  by  it  for  this  ExiX)sition  with  a  catalogue  of 
its  exhibits;  from  this  it  will  be  seen  that  the  reconnaissance 
survey  of  the  country-  has  been  completed,  excerpt  in  the.extreme 
south,  and  maps.  l)oth  topogi'aphical  and  geological,  published. 
The  Survey  publislies,  besides  maps.  Explanatory  Texts.  Bulletins 
and  Ueports,    mostly  in  Japanese. 

89*  Tiie  V:tlca::clogical  Sirrz^ey  ofjapa::.  The  p].  I.  C  be- 
gan a  detailed  study  of  the  new  and  old  volcanoes  of  Japan 
as  regards  their  internal  structures,  their  rocks,  their  foundations 
and  their  modes  of  distribution,  at  the  suggestion  and  under  the 
direction  of  Prof.  B.  Koto,  who  says:  '*  In  doing  so,  1  can  possibly 
get  an  insight  into  the  structure  of  the  land;  and  finally.  1  may  be 
al>Ie  to  construct  the  geotectonic  map,  by  means  of  which  we  ct)uld 
l)ossibly  know  the  condition  underground,  an<l  the  causes  of 
the    regional    shaking    and    local     points    of  earthquakes.'*  This 

J)     Koto  :  The  Scope  of  the  Vulcanological  Suurvej  of  Japan ;   E.  I.  C.  Publ.,  No.  3. 
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systematic  vulcanological  survey  is,  I  believe,  the  only  thing  of 
this  nature  at  present.  The  volcanoes  already  surveyed  are  the 
Myoko,  the  Yoneyama,  the  Kenashi,  the  Oshima  (in  Izu),  the 
Haruna  and  Tsunootoshi,  the  Hakone  and  Atami,  the  Volcanoes 
of  Izu  Peninsula,  the  Akagi,  the  Arafune,  the  Yatsugadake,  the 
Fuji  and  Aitaka,  the  Nikko  group,  the  Takahara,  the  Aso,  the 
Nasu,  the  Niijima  (in  Izu),  and  the  Iwate ;  the  reports  of  these 
surveys,  published  with  maps,  in  the  Hokoku  of  the  E.  I.  C.  have 
been  already  found  of  use  in  many  ways.  In  this  connection,  I 
should  mention  Prof.  Milne's  account  of  the  Volcanoes  of  Japan, 
in  Vol.  IX  of  the  Trans.  Seism.  Soc. 

90#  Geologists  from  Tokyo  Univ.,  tlie  Geol.  Survey  and  the 
E.  I.  C.  have  not  failed  to  visit  scenes  of  severe  earthquakes, 
volcanic  eruptions,  tsunamis,  sul)teiTanean  sounds,  &c,,  to 
inspect  the  geological  side  of  the  phenomena,  and  their  reports 
in  various  publications  form  valuable  materials  for  the  further  study 
of  the  subject.  I  ought  to  mention  specially  Prof.  Koto's  epoch- 
making  account  of  the  **  Great  Fault  of  Neo"  in  Central  Japan. ^^ 
His  account  of  the  Shonai  earthquake  of  1894  describing  the  geo- 
logy of  the  district  shaken  and  the  fault  to  which  he  attributes  that 
earthquake'^;  and  that  by  Dr.  N.  Yamazaki  of  the  Riku-U  earth- 
quake of  1800''''  are  also  noteworthy  as  throwing  light  upon  the  dis- 
cussion about  the  cause  of  earthquakes.  The  account  of  the  Erup- 
tion of  Bandaisan,  June,  1888,  by  Prof.  Sekiya  and  Assistant  Prof. 
Kikuchi  deserves  also  to  be  mentioned.*^  [For  others  see  the  con- 
tents of  the  reports  of  the  E.  I.  C,  in  the  Appendix.] 

1)  Koto:   Oq  the   Cause  of  the  Great  Earthquake  in  Ceutral  Japan,    1891.  Journ.  Sc. 
Coll..   Vol.   V. 

2)  E.  I.e.  Ho,  No.  8. 

8)     E.  I.  C.  H6,  No.  11,  or  Petermanns  geogr.  Mitt,  1900 ;  Heft  XI. 

4)    Sekiya  and  Kikuchi :  On  the  Eruption  of  Bandaisan.  Jour.  Sc.  Coll ,  Vol.  III. 
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91#  As  to  the  causes.of  earthquakes  m  general,  many  theories 
have  been  put  forward,  which  it  would  be  out  of  the  scope  of  the 
present  address  to  discuss,  even  if  I  were  competent  to  do  so.  It 
may  however  be  remarked  that  almost  all  recent  earthquakes 
in  Japan,  extending  over  a  large  area  seem  to  be  '*  tecto- 
nic", i.  e.,  due  to  mountain-forming  agencies,  while  in  earth- 
quakes accompanying  volcanic  eruptions,  the  shaking  is  confined 
to  a  comparatively  small  area. 
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92#  Earthquakes  being  due  to  the  strain  in  the  earth's 
crust,  being  in  fact  a  violent  relief  of  the  stresses  causing  this 
strain,  which  lias  passed  a  certain  limit,  it  is  reasonable  to  assume 
that  there  would  be  some  relation  between  earthquakes 
and  physical  phenomena  which  affect  or  are  affected  by 
the  strain  in  the  earth's  crust.  Hence  the  prime  importance 
of  examining  the  geological  structure  of  the  land ;  hence  the  reason 
to  believe  that  the  periodicity  relations  I  have  mentioned  [Chapter 
II]  are  not  accidental,  but  are  based  upon  some  causal  relations; 
hence  the  significance  of  the  observation  of  pulsatory  oscillations, 
as  probably  indicating  changes  in  the  stresses ;  hence  also  the  pre- 
sumption in  favor  of  making  careful  observations  of  such 
phenomena,  as  the  Earth  Magnetism,  Variation  of  Latitude, 
Gravity,  Changes  in  underground  Temperature,  etc.,  extended,  if 
necessary,  over  large  area  and  long  period.  By  such  observations, 
taken  singly  or  conjointly,  we  may  at  last  be  enabled  to  tind  out 
some  means  of  predicting  the  occurrence  of  an  earthquake :  we 
would  at  least  leave  nothing  untried,  as  far  as  our  means  will 
allow,  that  was  at  all  likely  to  help  us  in  this  ultimate  object  of  the 
Committee.  Of  the  scientific  value  of  such  investigations  apart 
from  seismological  considerations,  it  is  not  necessarj-  for  me  to 
speak  here.  Although  we  have  not  as  yet  succeeded  in 
establishing  such  definite  relations  as  to  enable  us  to  make  a 
distinct  prediction  of  an  earthquake,  (nor  was  it  to  be  expected 
that  we  should  arrive  at  such  great  result  in  so  short  a  time  with 
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yo  liijjit4'<l  UjC-aij??.)  yet  the  re??ult-i  in  .sjriie  of  therii  at  least  are  such 
a.-*  to  eiironrage  us  to  be  patient  and  continue  our  investigations* 
I  pro^er-d  to  give  a  brief  account  of  s^juie  of  the  work  done  in  this 
line. 

Earth  Magnetism. 

9JI*  With  regard  to  the  Earth  magnetism,  disturbances 
have  been  observed  in  magnetometers  at  the  time  of 
earthquakes,  but  no  systematic  observations  have  been  made 
with  the  object  of  ascertaining  if  there  was  any  real  relation 
between  the  two.  The  E.  I.  C.  therefore  decided  to  undertake 
this  investigation:  previously  to  this,  observations  had  been  made 
at  the  Central  Meteorological  (Jbservatory  in  Tokyo,  since  February, 
JHMH,  with  Mascart's  Magnetograph  ;  the  E.  I.  C.  then  initiated 
observations  with  similar  instruments  in  Xagoya  and  Sendai  in 
Sept.,  lsO:j;  in  Nemuro  in  Oct.,  18(JG  ;  and  in  Kumamoto,  in  Sept., 
]Mx.  In  lOOl,  the  Xngoya  set  was  removed  to  Kyoto,  chiefly  in 
coiisccjiieiice  of  an  el(*ctric  railway  passing  too  near  the  station.  We 
tlms  have  now  continuous  mmjnetic  observations  at  five  places 
(li^t^ilHlte(l  over  Jai)an  as  evenly  as  circumstances  allow.  The 
pholograpliic  records  are  (»xamined,  and  the  results  published 
IX  riodically  by  the  Central  Met(*orological  Observ. 

Systematic-  comi)arison  with  earthquake  observations  is  being 
<'arrir(l  on,  although,  I  am  sony  to  say,  nothing  has  been  publish- 
er! since  iSiiT. 

fW*  On  several  occasions,  magnetic  disturbances 
seem  to  havc^  preceded  or  accompanied  earthquakes: 

T<>war(ls  the  end  of  IHD.S,  on  several  occasions,  the  horizontal 
c(nnp(nients  at  Nagoya  station  was  disturbed  for  several  days  con- 
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tinuously,  being  followed  after  an  interval  of  quiet  of  a  day  or  two, 
by  an  earthquake ;  notably  there  was  a  disturbance  lasting  from 
Dec-  14  to  Jan.  3,  1894,  followed  by  a  disturbance  in  declination 
and  intensity  (which  was  also  observed  at  Tokyo  and  Sendai)  con- 
tinuing up  to  7th;  three  days  afterwards  there  was  a  severe 
earthquake.^  ^ 

For  about  a  week  before  the  severe  earthquake  in  Shonai 
district  of  Oct.  22,  1894,  there  was  a  magnetic  disturbance  recorded 
at  Sendai ;  also  to  a  smaller  degree  in  Toky5,  and  in  a  still  smaller 
degree  in  Nagoya.*^ 

For  about  four  days  before  the  great  seismic  *'  tsunami  "  along 
the  north-eastern  coast  of  June.  15,  189G,  a  disturbance  in  the 
horizontal  component  and  declination  was  recorded  at  Sendai,  and 
in  a  smaller  degree  at  Tokyo,  but  not  at  all  at  Nagoya/^ 

Preceding  the  severe  earthquake  in  Ugo  and  Rikuchu  of 
1896,  magnetic  disturbances  were  recorded  in  Sendai,  Tokyo  and 
Nagoya,  from  midnight  of  the  29th  to  about  10  p.  m.  of  30th, 
the  earthquake  taking  place  about  1.  30  a.  m.  of  31st.^^ 

From  5th  to  6th  of  May,  1900,  disturbances  were  observed  in 
all  the  five  stations,  and  on  12th,  at  2.  20  a.  m.,  a  tolerably  severe 
earthquake  shook  the  Rikuzen  district.*^ 

These  records  will  require  careful  examination  and  extensive 
comparison  with  magnetic  observations  abroad,  as  well  as  records 
of  earthquakes  and  pulsatory  oscillations,  before  we  can  consider 
any  relation  established  between  these  phenomena.^^    In  some  few 

1)  E.  I.  C.  Ho.,  No.  2,  pp.  141-144. 

2)  E.  I.e.  Ho.,  No.  11,  p.  35. 

3)  E.  I.  C.  H6.,  No.  11,  p.  35. 

4)  E.  I.  C.  Ho.,  No.  11.  p.  106. 

5)  E.  I.  C.  Ho.,  No.  32,  p.  127. 

G)  See  also  Dr.  Honma^s  discussion  of  the  Kecords  from  Jan.  18D6  to  Aug.,  1806.,  in  £. 
I.  C.  H6.,  No.  32,  pp.  131-144. 


82  KECEXT  SEISMOl.OQICAL  INVESTIGATIONS  IN  JAPAN 

instances  where  the  disturbances  seemed  to  be  of  limited  extent, 
their  vertical  variations  were  calculated  by  the  method  given  in 
Jour.  Sc.  Coll.,  Vol.  XIV,  §  12,  from  the  sign  of  which  the  question 
whether  the  source  of  disturbance  is  above  or  below  the  earth's 
surface  can  be  answered ;  the  results  are  reserved  from  publication 
owing  to  the  incompleteness  of  the  magnetograph  records.  They 
however  show  that  the  depth  or  height  of  the  source  is  small 
compared  with  the  distances  between  the  stations.  Either  three 
observatories  in  close  proximity  or  six  over  Japan  will  be  suitable 
for  the  kind  of  calculation  there  dealt  with,  the  former  giving 
immediately  the  differential  coefficients  of  the  disturbing  forces 
with  regard  to  the  coordinates,  and  the  latter  giving  quadratic 
expressions  from  which  the  differential  coefficients  may  be  calculat- 
ed. It  is  at  all  events  certain,  that  this  investigation  is  one 
of  the  few  means  at  present  available  for  diagnosing  the 
state  of  underground  stress  and  a  promising  one,  and 
it  is  desirable  that  it  should  l)e  further  developed. 

I  may  mention  here  that  at  the  request  of  the  German 
goverinnent,  the  E.  I.  ('.  has  made  magnetic  observations 
during  tlie  Antarctic  Expedition  of  the  '*  Gauss,"  in  accordance 
with  the  progi'am  proposed. 

9S*  Besides  these  continuous  observations,  the  E.  I.  C 
made  a  Magnetic  Surcei/  of  Japan^  during  the  years  1893-G, 
under  the  direction  of  Prof.  A.  Tanakadate.  The  survey  had  to 
l)e  extended  over  so  many  years,  owing  to  the  fact  that  Prof. 
Tanakadate  and  other  members  of  the  survey  could  only  be  al)sent 
from  tlieir  other  duties  during  the  summer  vacations.  Previously  to 
this,  tliere  had  l)een  two  surveys;  one  was  made  in  1882-3  l)y 
Messrs.  Sekino  and  Kodari,  members  of  the  staff  of  the  Imperial 
(Jeological  Survey,   and  the  result  was  presented  at  the  Interna- 
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tional  Geological  Congress  at  Berlin  in  1885;  it  is  published  in  a 
pamphlet  by  Dr.  Naumann,  entitled  ' '  Die  Erscheinungen  des 
Erdmagnetismus  in  ihrer  Abhiingigkeit  vom  Ban  der  Erdrinde" 
(Stuttgart,  1887).  The  other  was  made  in  1887  by  two  parties 
respectively  under  Prof.  Knott  and  Prof.  Tanakadate ;  the  result  is 
given  in  the  Jour.  Sc.  Coll.,  Vol.  II,  pp.  163-262.  In  Dec,  1891— 
Jan.,  1892,  a  party  under  Professors  Tanakadate  and  Nagaoka 
made  a  magnetic  survey  of  the  district  about  Gifu  and  Nagoya,  to 
investigate  the  effect  of  so  great  a  seismic  event  as  the  Mino-Owari 
earthquake  was,  on  the  magnetic  elements  of  the  country;  an 
account  of  this  survey  is  given  in  the  Jour.  Sc.  Coll.,  Vol.  V,  pp. 
149-192,  showing  that  there  has  been  a  most  remarkable 
change  in  the  Isomagnetics  of  the  district.  How  much  of 
this  was  due  to  the  same  cause  as  the  earthquake  and  how  much 
to  secular  or  other  changes  had  to  be  investigated.  This  may  be 
said  to  be  one  of  the  reasons,  that  induced  the  E.  I.  C.  to  under- 
take a  general  survey  of  Japan.  The  report  of  the  last  survey 
has  just  been  published  as  Vol.  XIV  of  the  Jour.  Sc.  Coll.  In  it, 
Prof.   Tanakadate  saj^s  : 

''The  object  of  the  survey  was  to  get  a  closer  view  of  tlie 
**  dii^tribution  of  magnetic  force  in  tlie  country  than  hitlierto  has 
^'been  done.  It  is  hoped  that  we  may  obtain  in  this  way  some 
^'insight  into  tlie  tectonic  character  of  the  country  which  miglit 
*'  throw  light  uyxm  the  distrilnition  of  earthquake  disturbances  with 
^*  regard  to  timQ  and  space. 

''  The  object  was  twofold,  lirst  to  obtain  a  general  or  normal, 
"'as  it  is  sometimes  called,  distribution  and  second  to  get  the 
"'  extent  and  nature  of  local  disturl)ances  in  special  districts.  With 
''  the  iirst  point  in  view  a  camparatively  large  number  of  .-tations 
''  were  taken  in  places  which  were  apparently  free  from  distur- 
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"bances  of  any  great  magnitude;  and  with  the  second  point  in 
''view  observations  were  made  in  volcanic  regions  or  in  places 
'*  where  violent  geological  changes  are  supposed  to  have  taken 
"  place.  How  near  we  have  come  to  realize  those  expectations  is 
'*  clearly  shown  in  the  maps.  It  will  be  seen  that  we  have  done 
"something  toward  the  first,  but  for  the  second  a  much  more 
'*  extended  series  of  obser^'ations  are  needed,  although  we  believe 
"that  some  of  the  prominent  points  are  brought  out  by  the 
' '  present  survey. ' ' 

Variation  of  Latitude. 

96*  As  already  stated,  it  is  not  unreasonable  to  suppose 
that  there  may  be  some  relation  between  the  seismic  pheno- 
mena and  the  variation  of  latitude.  The  E.  I.  C.  therefore 
on  its  organisation  at  once  resolved  to  undertake  the  observations 
of  latitude  in  Tokyo:  it  took  however  some  time  before  a 
Wanschaff's  Zenith  Telescope  of  81  mm.  aperture  was  procured, 
and  the  observations  were  only  begun  in  July,  1895  by  Dr.  H. 
Kimura,  at  the  Tokyo  Astronomical  Obs.,  the  reports  of  which  are 
given  in  the  E.  I.  C.  Tubl.,  Nos.  1  and  2.  Subsequently,  this 
work  was  transfeiTed  to  the  Geodetic  Commission,  at  the  same 
time  that  it  was  decided  to  establish  the  Observatoiy  of  the 
International  Geodetic  Association  at  Mi/Aisawa. 

The  result  of  the  examination  of  the  mean  monthly  values  of 
the  latitude  of  Tokyo  (Astronomical  Observatory)  for  nearly  8i 
years  between  Aug.  1895  and  Dec.  1903,  with  reference  to  earth- 
quakes in  Japan,  shows  that  all  the  destructive  earthquakes 
occurred  exactly  or  very  nearly  when  the  latitude  was  at 
a  maximum   or  a  minimum.     The  non-destructive  extensive 
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earthquakes  also  indicate  a  similar  tendency,  though  in  a  less 
marked  degree.  Small  earthquakes  seem,  however,  to  have  no 
particular  relation  to  the  latitude  variation/^ 

With  regard  to  the  seismic  periodicities,  we  have  seen  [Art.  12] 
that  the  epochs  of  the  greatest  activity  of  destructive  earthquakes  in 
Japan  recurred  on  the  average  every  13 J  years,  and  [Art.  14]  that 
tlie  seismic  activity  at  Kyoto  presented  a  period  of  about  G^  years. 
In  this  connection,  it  is  interesting  to  note  that,  according  to 
Dr.  H.  Kinmra,  who  has  studied  the  latitude  variation  during  the 
interval  between  1890  and  1902,  the  polar  motion  has  a  six  years' 
period,  the  maximum  deviations  of  the  instantaneous  pole  having 
occun-ed  in  1891  and  1897. 

Gravity. 

97*  Measurements  of  gi-avity  have  been  made  in  Tokyo  by 
several  observers.  Of  these,  the  first  was  in  1878  by  Professors 
Ayrton  and  Perry, ^^  with  a  pendulum  9*3  metres  long,  giving  the 
result  3=979  82  cm./sec'  The  next  was  in  1880  by  Prof.  T.  C. 
MendenhalP^  with  a  Borda's  pendulum  made  by  Salleron,  giving 
i/=979-84  cm./sec'  In  1883,  Messrs.  Smith  and  Pritchett'^  of 
the  U.  S.  Coast  and  Geodetic  Survey  made  observations  with  four 
pendulums,  their  results  being  .7=979 -82  cm. /sec.*'*  for  pendulums 
No.   1 — No.  3.  and  980  0  for  No.  4.     The  measurement  made  in 


1)  F.  Oinori :  >.oto  on  tho  Relation  between  Earthquakes  and  Changes  in  Latitude ; 
E.  T.  C.  Publ.,  No.  18.  For  results  in  Europe,  see  Prof .  Milne's  report  on  Earth^^uakei  and 
Changes  in  Latitude,  Brit.  Ass.  for  the  Adv.  of  Sc,  Kept,  for  1900,  p  107  ;  and  Dr.  A.  Cancani : 
*•  Sopra  un'ipotetica  Relazione  fra  le  Variazioai  di  latitudiue  e  la  frt^quenzii  dei  terremoti 
mondiali."  Bolletino  della  Soc.  Sisoiolo^ici  Italiana,  Vol.  VIII.  pp.  28G-290. 

2)  Phil.  Mag.,  April,.  1880. 

3)  Memoirs  of  Sc.  Dept.,  Tokyo  Univ.,  No.  5. 

4)  U.  S.  Coast  an.l  Geodetic  Survey,  Report,  1881. 
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1884  at  Ogasawara-jinia   (Benin   Island,  Latitude  2T  4'  11"  N) 
gave  the  value  f/=979  47. 

98*  The  remarkable  point  to  be  noticed  is  that  all  these 
valves  are  tjreater  than  is  to  he  expected  at  the  corresponding 
latitude.  Was  this  due  to  some  eiTor  in  the  measurements?  Or  was 
it  real?  The  value  of  g  is  as  a  rule  greater  on  islands  than  on  the 
continent:  was  this  the  case  here?  If  so,  what  did  it  signify?  Did  it 
indicate  some  peculiarity  in  the  internal  structure  of  these  islands? 
As  Prof.  Nagaoka  says :  '  *  In  Ermangelung  einer  genauen  Messung 
war  es  sehr  wiinschenswert  die  Beobachtung  mit  einem  anderen 
fcineren  Instrumente  zu  wiederholen  und  die  Frage  aufzuklaren,  ob 
cin  bedeutender  Unterschied  zwischen  dem  berechneten  und  dem 
beobachteten  Wert  wirklich  bestehe.  Nicht  nur  von  der  geodiitis- 
chen  und  physicalischen  Seite  schien  es  hochst  interessant  fiir  die 
Erdbebenforschung  die  Dicke  der  storenden  Schicht  auszurechnen, 
da  diese  Schicht  oflfenbar  mit  der  Haufigkeit  der 
Erdbeben  in  unserem  Land  eng  verknupft  sein  wird."^^ 
The  E.  I.  C.  therefore  decided  to  make  a  more  accurate  determina- 
tion of  the  vahie  of  (/,  than  had  been  made  hitlierto,  and  the 
work  was  placed  under  the  cluu-ge  of  Prof.  Nagaoka.  The 
Imperial  Geodetic  Commission  having  decided  to  make  gi'avity 
determination  a  part  of  its  work,  the  work  together  with  the 
instruments  already  ])urcliased  was  handed  over  to  that  Conmiission, 
I'rof.  Nagaoka  remaining  in  charge  as  before.  In  1899,  aljsolute 
measurements  were  made  in  Kyoto,  Kanazawa,  Tokyo  and 
Mizusawa.  The  relative  measurements  connecting  Tokyo  with 
]V,tsdam,  and  with  other  localities  in  Japan  liave  since  been  going 


I)  Nagaoka,  Shinjo  and  Otani :  Absolute  Messung  der  Schwerkraft  in  Kyoto, 
Kanaz  iwa,  Tokyo  und  Mizusawa  uiit  Keversionspoodeln  ausgefiihrt ,  Jour.  Sc  Coll.,  Vol.  XVI, 
Art.  11. 
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on ;  and  the  result  has  been  published  in  the  Comptes  Rendus 
of  the  14th  meeting  of  the  International  Geodetic  Association 
at  Copenhagen  in  1903.  The  value  oi  g  is  979-814  cm. /sec* 
(that  of  Potsdam  beings  981-290)  from  which  it  appears  that  the 
difference  between  the  calculated  and  observed  values 
is  within  the  limit  of  error  of  observation  and  presents 
nopeculiarity.  The  observations^  ^  made  last  year  at  five  stations 
on  the  east  coast  of  the  Asiatic  continent,  viz.  Singapore, 
Hongkong,  Zikawei,  Hankow  and  Shasi  tend  to  confirm  tlie  result 
that  gravity  in  Japan  has  a  continental  rather  than  insular  character. 
From  other  observations,  made  with  the  same  instruments,  there 
are  reasons  to  believe  that  in  mountainous  regions  the  force  of 
gravity  presents  great  anomalies.  That  these  and  future  deter- 
minations of  gravity  at  properly  chosen  spots  will  throw 
much  valuable  light  upon  the  internal  structure  of  the 
land,  cannot  be  doubted. 

Underground  Temperatiure. 

99*  It  was  proposed  to  bore  deep  wells  in  properly  chosen 
spots  and  to  make  measurements  of  temperature  at  different  depths 
in  these  wells.  We  should  thus  get  a  knowledge  of  the  distribution 
of  temperature  within  the  earth's  crust,  and  if  we  can  get  a  suf- 
ficient number  of  wells,  of  the  undergronnd  isothcnnals,  which 
will  not  only  throw  light  upon  the  tectonic  character  of  the  land 
but  also  by  their  changes  will  indicate  internal  changes  in  stress,  so 
that  we  may  thus  be  able  to  predict  an  earthquake.  A  well  was 
begun  in  the  Tokyo  Univ.  ground  in  Hongo,  which  reached  a  little 

1)  ShinjS,  Otani  and  Yainakawa:  On  the  Gravity  and  the  Magnetic  Survey  at  five 
stations  in  Eastern  Asia  ;  Abstract  in  Su  Buts.  E.  G..  Vol   II. 
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over  400  metres  in  1898 ;  it  was  found  advisable  to  stop  at  this 
depth,  on  account  of  the  stratum  met  with.  Reports  of  the  boring 
operations  and  of  geology  of  the  well  will  be  found  in  the  E.  I.  C. 
Ho.,  Nos.  2  and  20.  It  has  been  found  unfortunately  impossible 
to  continue  boring  in  different  localities  at  present,  for  want  of 
funds,  but  the  Committee  has  availed  itself  of  wells  which  had 
been  l)ored  for  other  purposes,  such  as  the  supply  of  good  water,  or 
experimental  boring  for  minerals.  The  first  report  by  Prof. 
Tanakadate  is  in  Hokoku  No.  45,  containing  measurements  made 
in  the  Univ.  ground  w^ell,  in  Yokohama,  and  in  Fukushima,  also 
measurements  in  Sasago  and  Kobotoke  railway  tunnels,  the  former 
of  which  is  the  longest  in  Japan,  having  a  length  of  about  fifteen 
thousand  feet.  The  following  is  the  result  of  measurement  taken 
during  35  days,  from  April  27  to  June  2,  1903,  in  the  first  men- 
tioned well: 


Depth  below  the  top 
(meties) 


Highest  temper  1  tare 

during  the  period 

of  observntion. 


Increase  <»f  temperature 
per  100  uietrei;. 


D»»pth  for  an  in- 
crease of  l'  C. 


20-2 

813 

1705 

269.0 

360-9 


1510 
16-88 
19-28 
'21.57 
23-62 


2-91 
2-52 
247 
2-23 


34-3 

39-6 
40-5 
44-8 


Seiches. 


100#  Under  this  head,  I  include  not  only  the  measurenient  of 
seiches  in  the  ordinary  acceptation  of  the  terra,  viz.  the  periodic 
oscillations  of  the  water  of  lakes,  but  also  investigation 
into  the  existence  of  similar  periodic  oscillations  in  such 
bodies  of  water  as  bays,  gulfs,  straits,  etc.  I  have  already  noticed 
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[Art.  30]  Prof.  Omori's  discussion  of  the  causes  of  '^  tsunami ^^^  and 
the  examination  of  the  records  of  tide-gauges,  which  seem  to  point 
to  the  existence  of  such  movements.  An  account^^  of  the 
observations  of  seiches  in  Lakes  Biwa  and  Hakone  during  the  sum- 
mer of  1901  will  be  found  in  the  Su.  Buts.  K.  G.,  Vol.  I.,  No.  15. 
Observations  have  also  been  made  in  Osaka  Bay  and  on  the  coasts 
of  Tosa,  Kii,  Shimosa  and  Rikuzen,  with  a  portable  mercurial 
tide-gauge  specially  devised  by  Dr.  S.  Nakamura,^^  which  clearly 
point  to  the  existence  of  seiche-like  oscillations  at  these 
localities.^^  In  the  same  number,  is  a  very  interesting  article  by 
Prof.  Nagaoka  on  ''tsunami^''  in  which  he  extends  Green's  in- 
vestigation to  waves  in  a  narrow  and  shallow  channel  of  symmetric- 
al section,  and  deduces  an  expression  for  the  elevation  of  w^ater, 
which  will  explain  in  a  general  way  the  nature  and  origin  of 
''tsunami":  he  ascribes  the  frequency  of  ''tsunami"  along  the 
eastern  or  Pacific  coast  of  Japan  to  the  presence  of  the  Kuroshiwo 
or  Japan  Current ;  this  current  running  nearly  parallel  to  the  coast 
he  considers  as  forming  an  elastic  boundary  of  a  narrow  band  of 
water  enclosed  between  the  coast  and  itself,  in  which,  as  well  as  in 
bays  and  straits,  periodic  oscillations  like  the  seiches  of  lakes  exist. 
These  being  occasionally  excited  by  local  variations  of  atmospheric 
pressure,  earthquakes,  &c.  give  rise  to  high  and  destructive 
waves  on  account  of  the  contour  and  shallowness  of  the  shore. 
Further  ol)servations  are  necessary  to  the  elucidation  of  this  ques- 
tion, which  may  lead  to  important  results,  perhaps  even  to  the 
prognostication  of  "tsumami." 

1)  III  English.  A  French  translation  is  given  in  Archives  des  Sciences  physiques  et 
niturclles,  Geneve,  t.  XV,  j'p  558-566  ;  see  ako  Zoitschrift^fur  Instrumcntenkund'?,  XXIII  Jahr- 
gang.  Nov.  1903. 

2)  For  a  description  of  this  instrument  see  Su  Buts.  K.  G.  Vol.  I,  No.  15,  and  also 
Zeitschrift  fQr  lostrumentenkunde  (loo.  cit). 

3)  The  resulfs  have  not  yet  been  published. 
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Changes  of  the  Level  of  Water  in  Wells. 

lOl*  Dr.  S.  Nakamura  had  observed  periodic  variation  of 
the  level  of  water  in  the  well  in  tlie  Univ.  ground  ;  observations 
were  subsequently  made  by  Dr.  K.  Honda,  with  the  instrument 
used  in  Seiches  observations,  and  it  was  found  that  in  general, 
there  were  two  maxima  and  two  minima  in  every  24  hours, 
the  amplitude  varying  from  8  cm.  to  1  cm.  the  phases 
coinciding  w4th  those  of  the  tides  in  Tokyo  Bay;  near  full 
and  new  moons,  the  succession  of  the  daily  max.  and  min.  is  very 
regular,  amplitude  being  decidedly  greater  than  at  quadrature; 
near  quadrature,  they  occur  just  in  the  same  phase  as  those  of 
barometric  changes;  high  barometer  causes  a  lowering  of  the  level, 
and  vice  versa;  the  rain  does  not  seem  to  affect  the  level. ^^ 
Observations  made  at  other  wells  have  given  approximately  the 
same  results.^^  These  results  showing  variations  in  the  underground 
pressiu'e  with  tides  and  barometic  pressure  are  specially  important 
when  taken  in  conjunction  with  the  observations  of  Prof.  Omori 
and  Asst.  Prof.  Imamuraasto  earthquake  frequency  [Chapter  II]. 
This  investigation  is  to  be  regarded  as  a  imrt  of  the  study  of  the 
elastic  tides  in  the  earth's  crust. 

Two  weak  earthquakes  occurred  during  tlie  abovci  measure- 
ments in  Tokyo,  and  it  was  found  that  the  level  curves 
were  abnormally  disturbed  by  zigzags  which  extended  for  4  or  5 
hours  both  before  and  after  the  earthquakes:  this  will  require 
further  investigation. 

Determination  of  the  Elastic  Constants  of  Rocks. 
102#     This  work  was  commenced  in  1808  under  the  direction 

1 )     Su  Buts.  K.  G..  Vol.  II.  So.  0.  2)     Sii  Euts  K.  G..  Vol.  II.  Xo.  9. 
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of  Prof.  Nagaoka;  I  quote  the  following  from  his  first  report*/^ 
**The  vibration  of  the  earth's  crust  has  from  time  to  time 
been  a  favourite  subject  of  discussion  among  the  elasticians,  and 
the  propagation  of  seismic  disturbance  is  a  problem,  whose  solution 
has  long  been  hoped  for,  both  from  the  theoretical  and  the  empiri- 
cal point  of  view.  With  improved  instruments,  seismologists  have 
recently  determined  the  velocity  of  propagation  with  tolerable 
accuracy,  but  very  little  is  known  of  the  elastic  nature  of  the 
medium  through  which  the  vibration  has  travelled.  The  resources 
from  which  physicists  and  seismologists  draw  their  tlieoretical 
inferences  are  so  scanty,  that  among  the  numerous  rocks  which 
constitute  the  earth's  crust,  only  a  few  of  the  most  commonly 
occuiTing  rocks  have  had  their  physical  properties  investigated. 
The  questions  of  elasticity,  having  close  bearing  with  the  deforma- 
tion of  the  earth's  crust,  have  repeatedly  been  a  subject  of  research 
by  several  distinguished  elasticians  as  Lord  Kelvin,  Boussinesq, 
Cerruti,  and  Chree.  But  we  are  baffled  in  our  attempt  to  apply 
the  result  of  subtle  analysis  to  the  actual  problem,  from  the  lack  of 
our  experimental  knowledge  as  regards  the  elastic  nature  of  the 
diverse  rocks,  which  compose  the  outer  coating  of  our  planet.  The 
present  experiments  were  undertaken  with  a  view  to  fill  these 
gaps,  and  to  supply  on  the  one  hand  the  wants  of  physicists,  whose 
aim  is  to  apply  dynamics  to  the  study  of  the  geological  phe- 
nomena, and  on  the  other  to  meet  the  needs  of  seismologists, 
engaged  in  solving  the  problems  touching  the  propagation  of 
seismic  waves. ' ' 

First  experiments  were  made  by  Prof.  Nagaoka  to  determine 
Young's  modulus  and  modulus  of  rigidity  of  about  100  specimens 

1)     Xng-aoka:   Elastic   Constnnts  of   Kocks  nnd  the  Velocity  of  Seismic   Waves:   E.  I.  C. 
Pnbl.,  Xo.  4.    Also,  Phil.  Mag,  lOJO. 
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of  ordinary  Japanese  rocks;  it  was  found  that  they  were  not 
generally  isotropic;  archaean  and  palaeozoic  rocks  could  be  cut 
into  proper  shape  for  experiment  only  in  a  certain  direction  as 
they  were  generally  of  schistose  structure  and  extremely  brittle  in 
the  direction  perpendicular  to  it,  there  being  naturally  great 
difference  in  the  elasticity  in  these  directions;  eruptive  rocks 
were  generally  free  from  such  directional  beliavior,  but  when 
subjected  to  continuous  application  of  stress,  the  difference  could 
be  noticed.  But  as  the  directions  of  the  axes  of  symmetry  could 
not  be  determined  simply,  single  moduli  of  elasticity  and  rigidity 
were  determined  for  each  specimen  and  the  velocities  of  propaga- 
tion of  longitudinal  and  transverse  elastic  waves  through  it  were 
calculated  from  these  as  if  it  were  isotropic.  These  velocities 
range,  for  the  longitudinal  waves,  from  7  km.  to  little 
over  1  km.  per  second,  by  far  the  largest  number 
however  having  a  velocity  of  about  3  km.,  which  agrees 
very  well  with  the  observed  velocity  (3-3  km.  per  second)  of  the 
principal  waves  of  an  earthquake  so  that  this  may  be  taken  to  be 
the  average  velocity  of  propagation  of  a  surface  wave.  [See  Art.  77]. 
Such  velocity  as  14  km.,  which  is  that  of  the  preliminary  tremors, 
can  1)e  accounted  for  by  supposing  that  as  we  go  deeper  into  the 
earth's  crust,  the  ratio  of  elastic  constants  to  density  increases: 
indeed  the  experiments  seem  to  show  that  the  elastic  constants 
and  the  density  increase  with  the  age  of  the  rocks,  but 
the  former  more  than  the  latter;  and  it  is  quite  possible  that 
there  mn  ij  he  a  strut  inn  of  maxiniuni  celocitij  of  propagation. 
As  Prof.  Nagaoka  points  out,  tliis  hj^potliesis  would  give  a 
veiy  simple  explanation  of  tlie  fact  that  the  duration  of  the 
preliminary  tremors  in  tlie  diagi'ain  of  a  distant  earthquake  is 
linearly  proportional  to  the  distance. 
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103»  It  was  also  found  during  these  experiments  that  in 
some  rocks  Hooke's  Law  does  not  hold  even  for  small  flexure  and 
torsion,  the  deviation  being  more  marked  in  torsion  than  in 
flex4ire,  and  that  there  is  a  remarkable  ''hysteresis"  in 
the  relation  of  stress  to  strain.  Special  experiments  were 
then  made  by  Dr.  Kusakabe  under  Prof.  Nagaoka's  direction  to 
determine  this. 

For  more  than  thirty  specimens  of  different  kinds  of  rocks, 
from  archaean  to  quaternary,  elastic  constants  were  experimentally 
measured  under  different  conditions.  In  both  twisting  and 
bending,  couple  and  force  respectively  were  made  to  change 
their  values  cyclically  from  positive  to  negative  or  vice  versa^  pass- 
ing through  zero  continuously. 

In  almost  every  rock,  not  only  no  definite  strain  is  associated 
with  any  given  stress,  but  there  is  also  no  definite  gradient  in  pass- 
ing through  a  given  state.  That  is  to  say,  in  the  relation  of 
stress  to  strain,  rocks  exhibit  a  marked  hysteresis. 

When  its  complete  history  is  given,  however,  the 
amount  of  strain  at  any  time  under  a  given  stress  may 
be  expressed  by  a  formula,  deduced  from  an  empirical  law 
of  yielding,  to  sufficient  approximation.  General  behavior  of 
rocks  may  be  studied  by  mere  mathematical  treatment  of  the  above 
formula,  the  Hysteresis  function. 

As  elastic  constants,  both  moduli  of  rigidity  and  elasticity, 
generally  increase  from  cainozoic  to  archaean  rocks  with  great 
rapidity,  the  velocity  of  the  seismic  wave  would  increase 
with  the  ages  of  rocks  through  which  the  wave  is  propa- 
gated. 

The  amount  of  hysteresis  decrease  from  the  new 
rocks  to    the  old   ones.      As   a  wave   propagated   through  a 
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medium  of  great  hysteresis  fades  more  rapidly  than  that  through 
one  of  less  hysteresis,  the  seismic  wave  conductivity  of  rocks  is 
least  for  cainozoic  rocks  and,  increasing  from  mesozoic  to  palaeozoic 
rocks,  it  becomes  many  times  gi'eater  for  archaean  rocks. 

Elastic  constants  seem  to  be  affected  by  tempera- 
ture change.  In  ordinary  temperature,  elastic  constants  of 
sandstone  diminish  with  rise  of  temperature.  Both  moduli  of 
rigidity  and  elasticity  are  maximum  at  the  temperature  of  about 
9°C. 

Discussions  as  to  the  relation  between  amplitude  of  seismic 
waves  and  velocity  of  propagation,  and  the  relation  between  the 
hysteresis  and  after-shocks  based  on  these  experiments  are  also 
very  interesting.  Experiments  will  be  continued  witli  mc.rc 
specimens.^  ^ 

It  may  be  remarked  here  that  experiments  to  determine 
heat  conductivity  of  different  rocks  would  likewise  lead  to  impor- 
tant results,   and  it  is  hoped  to  make  these  experiments. 


1)     E.  I.  C.  Pub'.,  Xo.  14  ;  Tour.  So.  Coll.  Vol.  XIX,  Art.  6  ;  Su  Buts.  K.  G.,  Vol.  1,  No.  14, 
aLd  Vol.  II,  No.  U 
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104#  One  of  the  objects  of  the  organization  of  the  E.  I.  C. 
is,  as  ah-eady  stated,  to  investigate  what  can  be  done  to  reduce  the 
disastrous  effects  of  earthquake  shocks  to  a  minimum  by  the  choice 
of  proper  structure,  materials,  position,  &c.  For  this  it  is  neces- 
sary on  the  one  hand  to  know  the  nature  of  the  earthquake 
movements,  etc.,  and  tlierefore  most  of  the  investigations  mentioned 
above  have  an  important  bearing  on  this  question;  on  the  other 
hand  it  is  evidently  important  to  know  what  effects  strong  earth- 
quake shocks  liave  produced  and  are  likely  to  produce  on  existing 
structures  and  buildings.  With  this  last  end  in  view,  the  Com- 
mittee has  collected  reports  from  experts,  whenever  there  has  been 
a  destructive  earthquake :  it  has  also  made  many  experiments  on 
purpose  to  find  out  these  effects. 


Reports. 

103«  Among  the  valuable  reports  concerning  destruction  of 
buildings  and  engineering  structures  in  the  E.  I.  C.  Hokoku, 
I  n:ay  mention  the  following: 

Ke[)ort  on  the  damage  to  the  Tokaido  railway  caused  by  the 
grent  ?kIiiio-(^\vari  earthquake  of  1891,  and  on  the  work  of  restora- 
tion, by  Dr.  K.  Haraguelii,  the  chief  government  railway  engineer. 
With  iVo  Sheets  of  maps  and  drawings.     E.  I.  C.  Ho,  No.  1. 

Keports  by  l-r.  Kni(,ri,  chief  engineer  of  Aichi  Prefecture,  and 
Dr.  T.  Sayegi,  government  engineer,  on  the  effects  of  the  same 
earthquake  in  the  i)relectures  of  Aichi,  (Jifu  and  Miye.  E.  I.  C. 
Ho,  Nos.  2  and  3. 
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Report  oil  the  damage  to  buildings  caused  by  the  Hokkaido 
earthquake  of  March  22,  1894,  by  Dr.  K.  Ishii,  Asst.  Prof,  of 
Architecture  in  the  Engineering  Coll.,  Tokyo  Imp.  Univ.  E.  I.  C. 
Ho,  No.  3. 

Reports  on  the  damage  caused  by  the  severe  Tokyo  earthquake 
of  June  20,  1894,  communicated  by  Messrs.  K.  Tatsuno,  T. 
Katayama,  T.  Sone,  and  T.  Nakamura  (E.  I.  C.  Ho,  No.  4,  with 
109  pis.);  by  Messrs.  Tsukamoto,  Noguchi  and  Yamazaki  (com- 
municated by  Prof.  Tatsuno  and  Prof.  Nakamura,  E.  I.  C.  H6, 
No.  7,  with  28  pis.) 

Reports  on  the  damage  caused  by  the  Shonai  earthquake  of 
1894,  by  Prof.  Omori  (E.  I.  C.  Ho,  No.  3,  with  23  pis.);  by  Prof. 
T.  Nakamura,  (ditto  with  sketches) ;  by  Dr.  T.  Sone  (ditto  with  sket- 
ches); communicated  by  J?rof.  Tatsuno  and  Prof.  Nakamura  (E. 
I.  C.  Ho,  No.  7,  with  122  pis.);  and  by  Dr.  M.  Noguchi  (ditto, 
with  10  pis.). 

Reports  on  damage  to  buildings  caused  by  the  great  Riku-U 
earthquake  of  189G,  by  Prof.  Nakamura,  and  by  Dr.  Sone  (both  in 
E.  I.  C.  H6,  No.  11). 

Reports  on  buildings  damaged  by  the  great  Indian  earthquake 
of  1897,  l)y  Prof.  T.  Nakamura  (E.  I.  C.  H5,  No.  22,  with  42  pis.); 
on  the  J]ngineering  structures  in  Assam,  damaged  by  the  same 
earthquake,  by  Dr.  T.  Koyama  (E.  I.  C.  Ho,  No.  25,  with  41 
pis.). 

These  reports  have  been  veiy  valuable  not  only  to  the  Com- 
mittee but  to  engineers,  architects  and  builders  in  general,  in  show- 
ing the  mistakes  and  defects  to  be  avoided,  and  precautions  to  he 
taken  against  earthquake  shocks.  [I  append  here  a  few  plates 
showing  some  of  the  effects  of  the  earthquake  shocks.] 
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Fig.  4S.     Sakala  Primary  School. 

Showing  the  shearing  effect,  and  the  projecting  porch 
thrown  down  (Shonai  Earthquake  of  1894). 


Fig.  44.     Tamagala  Primary  School. 

Sho\A^ing  a  large  crack  in  the  ground,  the 
building  unii^jured  (Sh5nai  Earth- 
quake of  1894). 


Fig.  45.     A  Temple  in  Saicato. 

Showing  the  shearing  effect,  and  the  projecting  part  thrown  down 
(Shonai  Earthquake  of  1894). 


Fig.  46.     A  Rustic  Bridge. 

Damaged  by  the  Shonai  Earthquake  of  1894. 
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Experiments  relative  to  Soil. 

106#  To  this  class  belong  the  experiments  already  described, 
as  to  the  relation  of  the  soil  and  shocks  [Arts.  59,  60].  Experi- 
ments with  regard  to  vibrations  in  pits  and  cutting  oflf  or  intercept- 
ing vibrations  by  means  of  trenches  dug  around  a  building 
[Art.  02];  marginal  vibrations  [Art.  63],  Ac,  all  have  their 
applications  in  this  connection. 

Strength  of  Materials  and  Joints. 

107#  The  E.  I.  C.  was  obliged  to  include  the  determination 
of  the  strength  of  materials,  and  of  joints,  among  its  work,  as  there 
has  been  no  systematic  work  done  in  this  most  necessary  line.  The 
reports  of  various  tests  of  timber  from  different  parts  of  Japan  will 
be  found  in  the  E.  I.  C.  Ho,  Nos.  2,3  and  35  (by  Prof.  B.  Mano); 
Nos.  15  and  40  (by  Prof.  S.  Tanabe).  Experiments  were  also 
made  with  bricks  jointed  under  different  conditions  with  different 
mortars,  the  results  of  which  are  reported  in  the  E.  I.  C.  Ho,  Nos. 
10,  12  and  23  by  Prof.  8.  Tanabe.^^ 

The  Earthquake-proof  Brick  Building. 

108#  This  structure  is  built  in  the  Tokyo  Univ.  gi'ound  at 
Hongo,  on  a  solid  concrete  foundation,  and  covers  a  square  area  of 
nearly  83  sq.  metres.  The  walls  are  of  parabolic  section  with 
vertex  downwards  [as  shown  in  fig.  47];  5-5  m.  high,  2  4  m. 
thick  at  the  ground  level,   0-7  m.   thick  at  the  top.     A  tiled  roof 

1)    Also  in  E.  I.  C.  Publ.,  No.  3,  pp.  33-83. 
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with  skylights  rests  loosely  on  the  walls;  the  entrance  about  2-6 
X  3.4  m.  is  the  only  opening  in  the  walls.  The  walls  were  made  of 
parabolic  section,  that  being  the  section  giving  uniform  strength 
throughout  the  height:'^  the  cements  and  mortars  were  carefully 
tested  before  being  used ;  and  the  details  of  construction  have  been 
reported  in  the  E.  I.  C.  Ho,  No.  1,  for  future  reference. 
The  object  in  building  this  structure,  which  w^as  designed  by  Prof. 
K.  Tatsuno,  is  to  have  an  earthquake-proof  building,  that  will 
stand  any  shock  likely  to  occur  in.  Tokyo,  and  will  serve  as  a  sort 
of  standard,  with  which  to  compare  the  efifects  of  a  sliock  on 
ordinaiy  brick  buildings:  it  is  also  very  useful  as  a  solid  Seismolo- 
gical  Observatory. 

Movements  during  Earthquakes  of  Walls  of  Brick  Buildings. 

109*  In  1883-1884,  Prof.  Milne  made  a  series  of  highly 
interesting  measurements  with  duplex  pendulum  seismographs  of 
the  movements  produced  by  earthquakes  hi  certain  buildings  in 
Tokyo.  For  an  account  of  his  experiments,  you  are  referred  to 
Trans.  Seis.  Soc,  Vol.  XII. 

As  damage  to  brick  buildings  caused  by  an  earthquake  is 
generally  due  to  the  fracturing  of  their  walls  in  consequence  of 
strong  liorizontal  motion,  it  is  important  to  make  earthquake 
measurements  at  different  portions  of  tlie  walls. 

Between  1894  and  1898,  Prof.  Omori  made  measurements 
witli  Ewing's  Horizontal  Pendulum  Seismographs  of  the  earthquake 
motion  of  the  external  wall  of  the  upper  west  corridor  of  the 
Engineering  College  of  Tokyo  University,  the  instrument  being 
fixed  near  the  top  of  the  wall  at  the  middle  of  its  length. 

1)  Omori :  Seismic  Experiments  on  the  Fracturing  and  Overturning  of  Columns  ;  E.  I.  C. 
Publ.,  No.  4,  p.  107,  or  E.  I.  C.  H6,  No.  28. 
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Comparing  the  diagrams  so  obtained  with  those  obtained  on 
the  ground,  it  was  found  that,  in  the  case  of  small  earthquakes, 
which  consisted  of  vibrations  of  comparatively  slow  period,  that  is, 
above  0-5  sep.,  the  motion  was  practically  equal  in  the  upper  story 
and  on  the  ground  surface.  On  the  other  hand,  in  earthquakes 
which  consisted  of  quick-period  vibrations,  the  motion  at  the  top 
of  the  wall  was  gi-eater  than  that  of  the  ground  surface  in  the 
average  ratio  of  2 : 1.  As  the  period  of  vibration  was  the  same  for  the 
two  places  of  observation,  it  seems  that  in  shocks  of  violent  nature 
the  wall,  on  which  the  roof  rests,  behaves  like  an  inverted 
pendulum,  its  motion  synchronizing  with  the  earthquake  motion. 
Practically,  in  destructive  earthquakes,  the  damage  of  two- 
storied  brick  buildings  is  in  general  limited  to  the  upper  story. 
Thus  it  is  not  seldom  that  the  walls  of  the  lower  story  remain 
uninjured  or  only  slightly  cracked,  even  when  the  damage  to  the 
upper  story  is  so  severe  that  the  walls  are  knocked  down  and  roof 
falls  in,  evidently  owing  to  the  magnification  of  motion  in  the 
higher  part  of  the  walls. ^^  [See  fig.  39.] 

Another  series  of  measurements  related  to  the  eastern  end  wall 
of  the  Natural  Hi^^toiy  Museum,  which  is  a  two-storied  brick 
building  situated  not  far  from  the  above.  The  total  height  of 
the  wall  was  53  feet ;  the  seismograph  having  been  attached  to  the 
wall  at  a  height  of  31  feet  from  the  ground.  The  wall,  which  was 
evidently  a  weak  one,  was  shaken  considerably  by  earthquakes; 
the  duration  and  amplitude  of  motion  being  nearly  three  times 
those  at  the  ground  surface.  In  this  case,  the  period  of  vibration 
of  the  wall  was  practically  constant,  the  mean  value  being  0-33  sec. 
This  shows  that  the  wall  behaves  in  earthquakes  like  an  elastic 

1)     E.  I.  C.  Ho,  No.  29,  or  E.  I.  C.  Pabl.,  No.  4,  pp  7-11. 
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spring  and  executes  vibrations  with  its  own  period,  whatever  the 
period  and  amplitude  of  the  ground  motion  may  be.  However  in 
cases  of  very  slow  vibrations,  say  of  period  longer  than  2  seconds, 
the  movements  are  felt  equally  on  the  ground  and  at  the  top  of 
the  wall.^^ 

Finally,  the  earth'quake  motion  measured  at  the  3rd  story  of 
the  Mitsu-Bishi  Bank,  a  brick  building  which  is  situated  on  the  low 
ground  of  T6ky5,  did  not  differ  from  that  at  the  basement. 

The  above  examples  will  show  that  the  movements  of  the 
walls  of  brick  buildings  produced  by  earthquakes  differ  very  much 
according  to  the  quality  of  the  structure. 

Wooden  Houses. 

HO*  In  1895,  the  Committee  published  a  set  of  directions  on 
the  essential  points  to  be  observed  in  wooden  house  construction 
so  as  to  make  it  better  able  to  stand  earthquake  shocks.  An  Eng- 
lish translation  will  be  found  in  the  E.  I.  C.  Publ.,  No.  4,  pp  1-5, 
(with  23  figs).  The  chief  faults  in  ordinary  Japanese  wooden  con- 
struction are  the  weakening  of  pillars  by  being  very  much 
cut  into,  and  the  want  of  cross  ties  and  struts,  so  that  very  often  the 
whole  building  suffers  simple  shearing  [see  figs.  43,  45,].  Some 
models,  illustrative  of  the  above  mentioned  essential  points,  were 
made,  one  of  which  was  sent  to  Slidnai,  the  district  damaged  the 
year  before.     [I  here  give  photogi'aphs  of  three  of  these  models.'^] 

Besides  these  small  models,  two  wooden  earthquake-proof 
houses  were  constructed,  one  in  Nemuro,  and  one  in  Fukagawa, 
T5ky6.     Nemuro   was  chosen,    because   it  was  one  of  the  most 

1)  Ouiori :  Motion  of  a  Brick  Wall  produced  by  Earthquakes;  E.  I.  C.  Publ.,  Xo.  12. 

2)  An  account  of  these  models  is  given  in  the  E.  I.  C.  Ho,  No.  13. 
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Fig.  50.     1II01>K1<  OF  A  lUTllI.lC  nriIJ>l^'G« 

Sho\A/ing  the  essential  points  of  construction  recommended  by  the  E.  1.  C. 
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shaken  spots  in  the  extreme  north;  Fukagawa  was  chosen  on 
account  of  the  soil  there  being  of  soft  alluvial  mud,  so  that  it  was 
likely  to  be  well  shaken ;  it  serves  as  one  of  the  stations  of  the 
Seismic  triangulation  [see  Art.  64].'^ 

Chimneys. 

Ill*  Much  damage  to  chimneys,  especially  factory  chim- 
neys, ha^ing  been  caused  by  the  gi-eat  Mino-Owari  earthquake 
of  1891,  and  Tokyo  earthquake  of  1894,  a  gi-eat  deal  of  attention 
was  called  to  their  construction.  The  E.  I.  C.  made  some  sugges- 
tions directly  after  the  Tokyo  earthquake,  as  to  immediate  steps  to 
be  taken  in  their  repair  and  construction.  Prof.  Mano's  reports 
on  damage  to  factory  chimneys  in  Osaka  and  Tokyo  caused  by  the 
destructive  earthquakes  of  1891  and  1894  [E.  I.  C.  Ho.,  Nos.  5,14.] 
are  valuable  contributions  to  this  subject.'^  The  members  of  the 
Committee  have  availed  themselves  of  eveiy  opportunity  to  collect 
materials  necessaiy  for  the  scientific  treatment  of  the  subject. 
A  few  of  the  experiments  made  are  reported  in  the  Hokoku  and  in 
the  publications.^^  The  chief  object  in  these  experiments  was  to 
find  out  the  nature  of  their  vibrations,  for  on  that,  of  course,  will 
depend  the  seismic  stability  of  these  stnictures. 

The  Shaking  Table. 
112«     For  the  application  of  seismology  to  construction  in 

1)*  For  details  of  construction  of  these  houses,  see  £.  I.  C.  Hd,  Xo.  13. 

2)  See  also  Omori,  Seismic  Experiments  on  the  Fracturing  and  Overturning  of  Columns, 
E.  I.  C.  Publ.,  No.  4,  p.  117. 

2)  Omori :  Note  on  the  Vibration  of  Chimneys;  E.  I.  C.  Publ.,  Xo.  12,  with  5  pis  ;  Mano 
and  Tauakadate  :  Note  on  the  Vibrations  of  a  Chimney  ;  E.  I.  C.  Ho.,  No.  21,  with  9  pis. 
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earthquake  countries,  it  is  necessary,  besides  the  observation  of  the 
damage  due  to  actual  earthquakes,  to  investigate  experimentally 
the  effects  of  artificially  produced  movements  on  various  models  of 
construction,  the  ultimate  object  being  the  calculation  of  the 
seismic  stability  of  given  structures  and  the  finding  out  of  the 
forms  l)est  suited  to  withstand  earthquakes. 

For  this  purpose  artificial  earthquake  motion  was  produced 
by  means  of  a  shaking  table,  designed  by  Professors  Mano  and 
Inokuty,  which  consisted  of  a  stout  wooden  floor  properly  mounted 
on  strong  supports,  and  which  can  be  made  to  move  with 
independent  horizontal  and  vertical  simple  harmonic  motions  by 
means  of  steam  engines. ^^  As  the  maximum  ranges  of  motion  of 
the  table  amounted  to  150  mm.  and  90  mm.  respectively  in  the 
horizontal  and  vertical  directions,  and  as  the  period  can  be  made 
as  small  as  0  2  sec,  movements  much  more  destructive  than  those 
whick  took  place  at  Nagoya  or  Gifu  on  the  occasion  of  the  great 
Mino-Owari  earthquake  can  easily  be  produced. 

Some  preliminary  experiments  were  tried  with  small  models 
of  wooden  structures  made  for  the  purpose,  l)ut  soon  it  was  found 
advisal>le  to  begin  with  simple  elements  of  construction  ;  and  also 
for  the  reasons  stated  in  Art.  109  as  well  as  for  simplicity,  motion 
was  confined  to  the  horizontal  only. 

Fracturing  and  Overturning  of  Columns. 

113*  In  1898-99,  Prof.  Omori  made  a  series  of  experi- 
ments, fracturing  some  24  brick  columns  and  overturning 
numerr)us  other  columns,  by  placing  them  on  the  above  table  and 

1 )     Mano  :  Appareil  pour  I'l^tude  theorique  des  Treuiblements  de  Terre  ;  E.  I.  C.  Publ.,  No. 
3,  pp.  85-80.  Also  eee  E.  I.  C.  Ho,  Xos.  2  and  21. 
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shaking  them;  the  hirgest  column  had  a  height  of  1810  mm.  and  a 
cross  section  of  233  x  233  mm.  A  second  series  of  experiments  was 
carried  on  in  1899-1901,  in  which  about  80  solid  and  hollow  brick 
columns  were  fractured ;  of  these  the  largest  was  about  2  m.  high 
and  had  a  cross  section  of  48x46  cm.  Other  experiments  on  the 
shding  and  overturning  of  numerous  columns  were  also  made. 
The  results  of  the  first  series  are  given  in  the  E.  I.  C.  Publ.,  No. 
4,  pp.  69-141,  or  Hokoku,  No.  28;  the  full  report  of  the  second 
series  has  not  yet  appeared.  ^^ 

The  practical  importance  of  the  conclusions  that  may  be 
deduced  from  these  experiments  will  be  at  once  evident,  when  we 
consider  that  they  will  apply  approximately  to  bridge  piers  and 
chimneys  :   I  can  here  only  give  a  very  brief  outline  of  them.^^ 

IM*  For  fracturing  experiments,  the  brick  columns  were 
each  firmly  fixed  to  the  shaking  table  at  the  base,  its  top  being  free. 
The  fracturing  process  consisted  in  moving  the  tiible  simple-harmo- 
nically  within  a  certain  range  of  motion.  At  first  the  motion  of 
the  table  was  slow,  but  it  was  gradually  quickened  till  the  period 
reached  a  certain  value;  when  the  acceleration  of  motion  be- 
came sufficiently  great,  and  fracture  of  the  column  took  place 
generally  at  or  near  the  l)ase.  The  column  was  thus  broken  only 
by  its  own  inertia.  The  motion  of  the  shaking  table  was  automati- 
cally recorded,  while  the  fracture  of  the  column  was  carefully 
watched  and  its  exact  moment  electrically  recorded.  The  intensity 
of  the  motion,  which  caused  the  fracture,  was  then  calculated  from 
the   diagi'am   and   compared   with   the   theoretical   value    of   the 

1)  For  an  account  of  similar  experiments  on  a  small  scale,  by  Profs.  Milne  and  Omori, 
see  Seism.  Jour.  Japan.  Vol.  I. 

2)  In  this  connection,  see  also  Omori,  Oq   the   Overturning  and   Sliding  of  Columns 
(caused  by  earthquakes).  E.  I.  C.  Publ.,  No.  12,  pp.  8-27,  or  Ho.,  No.  32. 
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seismic  stability  of  the  column. 

The  amplitude  of  motion  of  the  shaking  table  varied  between 
39-7  mm.  and  128  mm.,  and  fairly  represented  the  motion  likely 
to  occur  in  strong  and  some  destructive  earthquakes.  Further, 
as  the  period  of  the  shaking  table  varied  between  0-23  sec. 
and  0-89  sec,  the  maximum  acceleration  varied  between  1570 
mm.  and  21,300  mm.  per  sec.  per  sec. ;  the  motion  may  therefore  be 
regarded  as  giving  the  intensity  to  be  expected  in  any  great  earth- 
quake. As  however  a  few  short  columns  could  not  be  broken  even 
with  the  most  violent  motion  of  the  shaking  table,  we  may  reason- 
ably conclude  that  simple  structures^  like  columns,  walls  or  bridge 
piers,  can,  when  properly  constructed,  resist  any  destructive  earth- 
quake motion.  All  the  other  brick  columns  experimented  upon 
were  broken  near,  or  at,  the  base;  the  columns  being  thus 
seismically  weakest  at  their  base,  as  is  also  theoretically  evident. 

As  the  brick  column  is  fractured  always  at  a  joint, 
its  seismic  stability  may  be  increased  by  using  a  good 
mortar,  until  the  strength  of  the  joint  becomes  equal 
to  that  of  the  bricks  themselves* 

One  of  the  chief  objects  of  the  fracturing  experiments  was  tlx^ 
comparison  of  tlie  actual  intensity  of  motion  of  tlie  shaking  ta^l 
with  the  calculated  values  of  tho  soisniic   stability  of  the  colum^^ 
The  intensity,   or  the  maxiinUMHHMytti^tion  A,   of  the  shale" 
may  be  calculated  fronijhBpf^^^^^Tfc^Hoii  of  the  shakitir 
the  moment  ""^^^^  j^wt  the?<e  two  quanta 

^^^^--^  >n  the  other  \v 
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In  the  fracturing  experiments  so  far  made,  the  agi-eement 
between  the  quantities  A  and  a  was  fairly  satisfactory.  Thus  in  a 
group  of  the  experiments,  the  mean  vahies  of  A  and  a  were 
respectively  861*0  and  8670  mm.  per  sec.  per  sec. 

US*  For  given  values  of  height  and  external  dimensions,  a 
hollow  column  has  a  greater  seismic  stability  than  the 
corresponding  solid  one;  the  sides  or  walls  in  the  former  col- 
umn being  sufficiently  thick  and  rigid  for  it  to  be  regarded 
as  a  single  structure.  In  the  case  of  columns  with  very  thin  walls, 
a  slight  irregularity  in  the  joint  may  cause  them  to  be  fractured 
at  accelerations  much  lower  than  those  given  by  the  theoretical 
formulae.  Besides,  with  very  thin  columns,  the  moitar  joint 
can  not  be  made  sufficiently  strong,  the  adhesion  between  mortar 
and  brick  being  perfect  only  along  the  middle  zone  of  the 
joint.  Similarly  it  has  been  found  that,  in  cases  of  solid  colunms, 
the  adhesion  is  not  perfect  along  the  edges  of  the  joints  adjacent  to 
the  free  sides  of  the  columns.  These  considerations  indicate  the 
danger  of  making  a  colunm  or  wall  too  thin.  It  seems,  however, 
that  the  principh'  of  hoUoic  column  may,  with  advantage,  be  applied 
to  structures  of  largt'  dimensions,  such  as  the  piers  of  bridges,  in 
which  the  marginal  eflfect  would  be  trifling.  ^^ 

116#  Overinnting  experiments  were  made  principally  in 
connection  with  the  determination  of  the  intensity  of  motion  of 
destmctive  earthquakes.  Consequently  the  dimensions  of  the 
columns  employed  in  the  experiments  have  been  of  magnitude 
comparable  to  those  of  the  stone  lanterns,  tomb-stones,  etc.,  observ- 
ed in  actual  cases. 

Of  the  42  colunms  experimented  upon,  two  were  iron  pipes, 

1)  F.  Omori:  Notes  on  Applied  Seismology,  I.  Verhandlungen  der  1.  internationalen 
seismologiEchen  Kooferenz,  p.  30S. 
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8  solid  or  hollow  brick  columns,  18  hollow  columns  or  boxes  of 
wood,  and  the  remaining  14  solid  columns  of  wood.  The 
height  of  the  columns  varied  between  1150  and  242  mm.  and  the 
dimension   of  the   section  between  300*    and    90*  mm. 

The  columns  were  put  on  the  shaking  table  and  overturned  by- 
giving  proper  movements  to  it.  The  shaking  intensity  deduced 
from  the  diagram  of  motion  of  the  table  was  then  compared  with 
the  theoretical  values  of  the  acceleration  necessary  for  overturning 
the  columns.  In  the  experiments,  the  range  of  motion  of  the 
shaking  tal)le  varied  between  29-5  and  120  mm.  and  the  period 
between  0-4  and  1-47  second;  the  maximum  acceleration  of  mo- 
tion varying  between  750  and  10,700  mm.  per  sec.  per  sec.  A 
wooden  hollow  column  (242x242x484  mm.),  how^ever,  could 
not  be  overturned  even  with  the  utmost  intensity  of  motion  at  our 
disposal,  which  fact  shows  the  difficulty  of  overturning  of  certain 
stable  objects  in  earthquakes. 

The  overturning  accelerations  was  found  to  be  independent 
of  the  nature  of  the  material  of  the  columns. ^^ 

Vibrations  of  Bridge  Piers. 

117#  Besides  these  experiments  with  small  colunms  on  a 
shaking  table,  and  with  some  real  chimneys,  there  is  another 
method  of  investigating  the  nature  of  movements  of  such  sti-uctures: 
namely,  to  measure  the  vibrations  of  railway  hridfje  piers  caused 
Inj  passiinj  of  trains  over  them.  This  investigation  is  evidently 
important  not  merely  in  earthquake  and  typhoon  countries  in  con- 
nection with  the  determination  of  their  strength  in   resisting  eaith- 

1)     Ouiori :  Seismic  Experiments  on  the  Fracturing  and  Overturning  of  Columns  ;  E.  I.  C. 
Publ.,  No.  4,  p.  137. 
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quake  shocks  and  wind  pressures,  but  as  a  general   engineering 
problem. 

The  measurement  was  made  by  means  of  Prof.  Omori's  Vib ra- 
tion measurer^  which  is  a  seismogi'aph  slightly  modified  to  suit 
the  circumstances,  of  the  case.  It  consists  of  a  helical  spring 
vertical  motion  seismograph  of  the  Gray-Ewing  type,  having  a 
multiplication  of  2,  and  a  pair  of  horizontal  pendulum  Seismo- 
graphs, in  which  the  weight  of  the  bob  is  about  2  kg.,  and 
the  distance  between  the  two  axes  is  20  cm.,  having  a  multi- 
plication of  1-5.  The  record  is  ta.ken  with  ink  on  a  band  of  paper 
wound  round  a  drum  driven  at  a  rate  of  12  to  25  mm.  per  sec, 
the  time  being  measured  by  a  small  pendulum.  The  motion  of 
a  pier  is  thus  recorded  in  three  components,  namely,  the  vertical, 
the  transverse  (or  normal  to  the  face  of  a  pier),  and  longitudinal 
(or  parallel  to  the  face). 

A  vibration  measurer  for  vertical  component  and  that  for  a 
horizontal  component  are  among  the  exhibits  of  the  E.  I.  C.  at 
this  Exposition. 

118»  A  preliminary  series  of  experiments  was  carried  on  by 
Prof.  Omori  in  1901,  on  six  different  piers  of  four  single  track  rail- 
w^ay  bridges  in  Central  Japan.  The  results  are  reported  in  the  E.  I. 
C.  Publ.,  No.  12,  from  which  I  make  the  following  abstract. 

The  vertical  vibration  was  always  very  small,  while 
the  transverse  and  longitudinal  vibrations  were  us- 
ually well  pronounced,  their  amplitudes  being  nearly  equal  to 
each  other;  the  periods  of  the  vertical  and  longitudinal  vibrations 
were  nearly  constant,  the  mean  values  being  0-41  and  0-85  sec. 
respectively.  These  are  probably  not  the  periods  of  the  true  elastic 
vibrations  of  the  piers  themselves,  but  are  rather  those  of  the  rock- 
ing motion  of  the  latter  due  to  the  vertical  and  transverse  vibrations 
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of  tlie  20(J  feet  girders  which  rest  upon  them.  The  maximum  pier 
motion  was  0  15  mm.  for  the  verticaL  and  1-2  mm.  for  the  longitu- 
dinal component. 

The  period.s  of  the  transverse,  or  real  elastic,  motion  of  the 
different  piers  varied  between  0-22  and  0  47  sec. ;  the  maximum 
range  of  motion  varying  between  0-1  and  1-3  mm. 

From  what  has  been  said  above,  it  is  evident  that  the  periods 
of  vibrations  of  the  l>ridge  piers  are  roughly  speaking  between  0-2 
and  0  0  sec,  that  is  to  say,  not  very  much  different  from  the  pe- 
riods of  motion  in  ordinary  weak  and  strong  earthquakes.  At  the 
time  of  a  destructive  earthquake,  the  motion  of  the  piers  would  be 
much  greater  than  that  caused  by  ordinary  railway  traffic  and  the 
period  may  become  upward  of  1  sec.  As,  however,  the  period  of 
destructive  earthquake  motion  is  generally  between  1  and  2  sec, 
we  may  conclude  that  the  bridge  piers  are  likely  to  l>e  fractured 
at  the  base. 

In  the  case  of  the  Ibi-gawa  bridge  (near  Kuwana)  the  move- 
ments of  the  piers  caused  by  strong  tvinds  were  nearly  the 
same  as  those  due  to  the  actual  passage  of  the  trains.  In 
very  violent  storms,  the  motion  would  be  much  givater  and  the 
range  of  the  transverse  and  longitudinal  vil)rations  of  such  piers 
may,  when  coupled  with  those  produced  l)y  the  passage  of  a  train, 
amount  to  a  few  mm. 

Iron  frames.  The  two  piers,  Nos.  4  and  5,  of  the  Ibi-gawa 
bridge  (near  Kuwana)  are  nearly  alike,  except  tliat  the  former 
has  elliptical  iron  frames  embedded  in  the  well.  The  motion  of 
the  No.  4  i)ier  was,  however,  not  less  than  that  of  the  other. 
This  scM'ins  to  show  that  iron  frames,  unless  very  strong,  have  no 
sensible.'  eflfeet  on  the  vil)rati()ns  of  large  masonry  columns  in 
whieh  thev  are  embedded. 
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A  striking  fact  is  that  the  motion  of  a  pier  does  not 
always  depend  simply  on  its  height  above  the  well. 
Thus  the  motion  of  the  pier  of  the  Kizu-gawa  bridge,  whose  height 
was  60  feet,  was  markedly  smaller  than  that  of  those  of  the  Tone- 
gawa  (near  Toride)  and  the  Ibi-gawa  (near  Kuwana)  bridges, 
although  in  the  cases  of  the  two  latter  bridges  the  heights  of 
the  piers  above  the  river  bed  were  only  about  20  feet.  The  motion 
of  the  pier  of  the  Tone-gawa  bridge  (near  Maebashi),  whose 
height  is  40  feet,  was  also  very  small.  These  peculiarities  are  ob- 
viously due  to  the  fact  that  the  river  beds  of  the  Kizu-gawa  and 
the  Tone-gawa  (near  Maebashi)  are  hard,  while  the  beds  of  the 
Ibi-gawa  (near  Kuwana)  and  the  Tone-gawa  (near  Toride)  are  mud- 
dy and  very  soft.  In  other  words,  the  piers  with  solid  foundations 
are  rigid;  while  those,  whose  foundations  are  weak,  are  very 
shaky. 

From  the  above  it  is  evident  that  a  pier  does  not,  in 
general,  behave  as  if  it  were  rigidly  fixed  to  the  ground 
at  the  surface  of  the  latter.  An  approximate  calculation 
shows,  for  instance,  that  one  of  the  piers  of  the  Tone-gawa  bridge 
(Toride),  whose  well  sinking  amounts  to  64-86  feet,  must  vibrate 
about  a  point  in  it  some  45  feet  below  the  ground  surface  as  centre. 

Deflection  and  Vibrations  of  Railway  Bridges. 

119*  Another  set  of  experiments  to  ascertain  the  effects  of 
shaking  on  engineering  structures  was  to  measure  the  deflection 
and  vibration  of  a  railway  bridge  caused  by  the  passage 
of  a  train  over  it.  This  also  is  an  instance  of  the  application  of 
seismometrical  instruments  to  practical  purposes  which  are  useful 
in  non-seismic  countries  as  well ;   for  the  determination  of  the  de- 
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flection  and  vibrations  of  a  bridge  gives  a  criterion  of  the  strength 
of  the  latter,  and  accordingly  a  comparison  of  the  results  obtained 
from  a  number  of  differently  constructed  bridges  may  lead  us  to 
the  best  form,  in  which  the  economy  of  material  is  combined  with 
the  strength  of  structure ;  and  besides,  these  experiments  enable  as 
to  know  the  variation  of  the  strength  of  a  bridge  wdth  time  and 
load.^> 

120«  The  instruments  used  in  these  measurements  were  Prof. 
Omori's  Deflectograph  and  Vibration  Measurer^  the  latter  of  which  I 
have  already  described  [Art.  117].  The  deflection  was  measured  as 
a  very  slow  vertical  vibration ;  and  the  deflectograph  is  nothing 
more  than  the  helical  spring  vertical  motion  seismograph,  of  the  type 
described  in  Art.  44,  with  some  improvements  in  the  construction 
in  order  to  reduce  the  friction  between  parts  of  the  instrument  and 
biing  the  steady  point  very  near  to  the  state  of  neutral  equilibrium, 
so  as  to  lengthen  the  period  of  the  proper  oscillation  of  the  pendu- 
lum. The  springs  are  suspended  from  a  small  cast-iron  stand, 
about  GO  cm.  in  height,  fixed  to  a  strong  rectangular  wooden  plate 
about  3U  X  GO  cm.  in  size,  on  which  the  record-receiver  is  mounted. 
The  steady  point  is  the  centre  of  a  small  horizontal  lead  cylinder 
about  1  kg.  in  weight,  which  is  properly  fixed  near  the  end  of  a 
horizontal  bar  about  30  cm.  long.  With  an  apparatus  of  this 
dimension,  the  period  of  free  oscillation  of  the  steady  mass  can 
be  raised,  within  the  limit  of  stability,  to  about  12  seconds. 

For  reducing  friction,  a  mode  of  attachment  of  the  WTiting 
pointer  to  the  steady  mass,  the  same  as  in  Prof.  Omori's  horizontal 
pendulum  seismogi-aph  [Art.  39],  is  employed.  The  multiplication 
was  1  for  a  200'  span  truss,  and  2  for  a  100'  span  truss  or  plate 
girders. 


1)    F.  Omori  :  Oa  the  Deflection  and  Vibration  of  Railway  Bridges ;  E.  I.  C.  Publ.,  No.  9. 


FIs.  58.     nefleetosrapta  set  np  on 
Bridge  Girder. 


Fiff.  58.     H orixontal  Tremor  Recorder. 
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In  some  cases  the  instruments  can  be  fixed  most  conveniently 
in  the  box  of  one  of  the  bottom  cliords.  But  in  some  trusses  and 
plate  girders,  we  must  set  up  the  apparatus  within  the  stringer  or 
the  girder  itself,  below  the  rails  and  sleepers,  the  observer  himself 
getting  also  therein  and  waiting  the  passage  of  the  train  overhead. 
The  measurement,  which  requires  no  support  to  be  erected  from 
below,  is  possible  even  when  there  is  abundant  water  underneath 
or  when  the  bridge  is  high. 

Prof.  Omori  has  also  devised  a  simple  contrivance,  by  which 
the  deflection  of  a  bridge  can  l)e  measured,  even  in  cases  when 
the  engine  remains  stationary  on  the  girder.  [This  will  be  describ- 
ed in  a  future  number  of  the  E.  I.  C.  Publ.] 

121«  An  account  of  the  measurements  of  the  deflection  and 
vibration  of  11  railway  bridges  made  by  Prof.  Omori  is  given  in  E. 
I.  C.  Publ.,  No.  9,  (also  in  E.  I.  C.  Ho.,  No.  37);  and  the 
results  of  further  experiments  on  24  other  girders  and  trusses  are 
given  in  E.  I.  C.  Ho.,  No.  45. 

Some  of  the  results  obtained  are  as  follows: 

The  50'  to  70'  plate  girders  have  shown  nearly  equal  amounts 
of  deflection  and  vibrations  as  the  100'  Pratt  trusses  of  the  Chubetsu 
and  3rd  Ishikari-gawa  bridges. 

The  vibrations  of  bridge  girders  caused  Ijy  the  passage  of 
railway  trains  are  their  proper  movements  and  have  for  a  given 
load  a  period  or  periods  of  motion  approximately  constant  for  each 
of  them ;  the  period  therefore  does  not  depend  on  the  velocity  of 
the  locomotives  or  on  the  distances  between  the  wheels  of  the  cars. 
The  effect  of  the  weight  of  the  engine  is  to  prolong  the  period  by 
a  small  amount. 

That  a  weak  bridge  girder  has  a  slow  period  of  oscillation,  is 
well  illustrated  by  the  transverse  vibrations  of  the  200'  trusses  of 
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the  l?it  I  shikari -gawa  and  the  Ibi-gawa  bridges.  Thus  the 
inaxinnim  length  of  the  period  was  106  sec.  for  the  Ibi-gawa  and 
0-87  sec.  for  the  1st  Ishikari-gawa  bridge:  and  we  find  the 
niaxiniuni  motion  of  7-3  mm.  for  the  former  ])ridge  and  the 
maximum  of  50  mm.  for  the  latter. 

To  illustrate  the  relation  between  the  strength  of  a  given 
stiiicture  and  the  period  of  its  vibration,  suppose  that  there  are 
two  bridge  girders,  A  and  B,  of  exactly  the  same  length  and 
construction.  If  now  the  ri vetting  of  A  is  better  than  that  of  B, 
then  the  girders  may  be  looked  upon  as  two  elastic  systems  of  equal 
mass,  whose  elastic  moduli  are  unequal,  A  being  more  rigid  than 
B.  Consequently  the  girder  B  ought  to  have  a  longer  period  and 
be  capal)le  of  being  thrown  into  movements  of  greater  amplitude, 
than  the  girder  A. 

From  the  considerations  like  these  it  is  evident  that  the  deflec- 
tion and  vibration  experiments  furnish  us  with  criterions  of  the 
quality  of  l)ridges  and  like  structures;  the  deflection  being  the 
test  of  strength,  and  the  vibration  that  of  rigidity. 

(^Hiite  recently  Professor  Tanabe,  of  Kyoto  Imp.  Univ.,  has 
also  measured  the  vibration  and  deflection  of  the  newly  constructed 
Kinogawa  l^ridge.  [Bulletin  of  the  College  of  ^^cience  and  Engi- 
neering, Kyoto  Imp.  Univ.,  Vol.  I,   No.  1.]^^ 

122*  The  vibration  measurer  can  also  l>e  made  use  of  to 
record  vil)rations  in  steamers  caused  by  the  working  of  the  engine, 
provided  there  be  no  great  amount  of  pitching  and  rolling  motion. 


1)  Before  this,  Prof.  Ewing  obtained  statical  diagrams  of  the  horizontal  niorements  of  a 
briJ^e  in  Scotland,  by  meanB  of  a  duplex  pendulum  seismograph.  In  Japan,  Messrs.  Milne  and 
Macdonald  measured  the  vibrations  of  several  bridges  on  the  TokaidS  Railway,  with  glass-plate 
seismographs.  The  results  of  these  measurements,  however,  must  Vje  received  with  caution,  as 
the  pror>er  oscillation  of  the  steady  points  themselves  seems  not  to  have  kien  sufficiently 
consideri'd. 
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These  measurements  will  be  useful  to  engineers  for  dealing  with 
the  vibration  problem  of  steamers.  In  case  of  a  man-of-war,  it 
would  be  particularly  interesting  to  measure  the  vibrations  of  decks 
caused  by  the  discharge  of  guns.  Recently  measurements  have 
been  made  by  Professors  Omori,  Terano,  Purvis  and  Shiba,  of  the 
vibrations  of  two  torpedo  destroyers  and  a  torpedo  boat,  the 
results  of  which  will  be  given  in  a  forthcoming  number  of  the 
Journal  of  the  Coll.  of  Engineering  of  T6ky5  UnivJ^ 

1234  Yet  another  practical  use  of  the  vibration  measurer  is 
to  record  the  vibrations  of  railway  carriages  and  locomotives.  This  ap- 
plication of  seismometry  to  practical  engineering  was  first  made  by 
Prof.  Milne,  whose  vibration  recorder  is,  I  understand,  used  by. 
some  railway  companies  for  the  examination  of  their  lines.  This 
instrument  works  fairly  well  and  is  extremely  useful,  but  there  is 
much  friction  among  its  parts,  and  the  steady  point  has  a  too  great 
stability,  so  that  its  period  is  often  too  short.  Prof.  Omori  has  made 
experiments  with  his  vibration  measurer,  on  several  lines  of  railways, 
and  obtained  some  important  results,  for  which  however  I  must 
refer  you  to  the  E.  I.  C.  Publ.,  No.  15,  or  the  Hokoku,  Nos. 
40  and  42.  Dr.  Imamura  has  used  the  same  vibration  measurer 
for  horizontal  components,  combined  with  Prof.  Tanakadate^s 
vertical  motion  seismograph,  to  measure  the  vibrations  of  electric 
tram  cars. 

12II4  I  have  given  several  examples  of  the  application  of 
seismographs,  sometimes  slightly  modified  in  details  of  construc- 
tion, to  measure  various  vibrations  of  structures,  <fec.,  not  due  to 
earthquakes.  It  seems  needless  to  add  that  they  have  been  used 
to  measure  vibrations  of  ground,   due  to  causes  other  than  seismic. 

] )  The  measurements  of  ships'  vibrations,  which  have  already  drawn  the  attention  of 
European  and  American  engineers,  were  before  this  tried  by  Herr  Schlick  and  others. 
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Thus,  they  were  employed  by  various  seismologists  to  measure 
vibrations  caused  artificially  by  dropping  heavy  weights  or  by 
explosions  of  dynamite,  &c.  In  some  cases,  especially  in  earlier 
days,  the  experiments  were  made  to  ascertain  the  nature  of 
vibrations  of  the  ground ;  later,  they  were  made  oftener  for  practical 
purposes,  for  finding  the  eflFects  of  explosions,  &q, 

125«  Lately,  a  form  of  Omori's  horizontal  pendulum  seis- 
mograph, called  Horizontal  Tremor  Recorder  and  magnify- 
ing the  motion  from  50  to  70  times,  has  been  employed  for 
measuring  the  horizontal  tremors  of  the  gi'ound  or  structures  caused 
by  the  working  of  a  steam  engine,  steam  hammer,  dynamo,  <fec., 
or  by  passing  carriages  and  trains.  They  have  been  used  by  the 
Tokyo  Metropolitan  Police  in  dealing  with  questions  respecting 
disturbances  due  to  causes  above  mentioned  [see  fig.  53].  One  of 
these  instruments  is  among  the  exhibits  of  the  E.  I.  C.  at  this 
Exposition;  a  full  description  will  be  given  by  Prof.  Omori  in 
E.  I.  C.  Publ.,  No.  18. 

Fig.  54  is  a  part  of  the  diagi'am  obtained  at  the  Seismological 
Institute,  of  the  tremors  caused  by  a  small  oil-engine  of  10  horse 
power  working  at  a  distance  of  about  70  metres.  Movements  like 
these  are  extremely  small  and  insensible,  and  yet  they  have  often 

Fig.  54. 

Vibrstioa  Caused  by  mn  oil  engine, 
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the  eflFect  of  causing  window  panes  and  doors  to  rattle,  bottles  on 
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table  to  shake,  suspended  articles  to  swing,   (fee,   thus  becoming 
a  source  of  mystery  to  people  in  the  neighbourhood. 


Determination  of  Young's  Modulus  of  Brick  Columns. 

126*  In  connection  with  the  fracturing  experiments,  the 
horizontal  pendulums  were  utilized  for  measuring  Young's  modulus 
of  several  brick  columns,  which  Avere  about  2  m.  in  height,  their 
cross  sections  being  1  brick  square. 

The  experiments  consisted  in  measuring  wdth  a  horizontal 
pendulum  the  terminal  deflection  angle  of  a  column  bent  by  a 
known  Aveight.  The  bending  w^as  in  several  cases  carried  to  the 
actual  breaking;  the  relation  of  the  stress  to  the  strain  remaining 
veiy  nearly  linear  throughout.  This  means  that  the  brick  columns 
behave  as  an  almost  perfectly  elastic  body  till  they  are  fractured  by 
bending,  a  conclusion  which  has  an  important  signification  in  con- 
nection with  the  fracture  of  brick  columns.  The  Young's  modulus 
of  several  brick  columns  has  been  determined  in  this  Avay.  As 
far  as  the  experiment  goes,  the  highest  and  the  lowest  values 
of  the  modulus  were  as  follows :  — 

(highest)      E  =  10^'  x  4-596     (C.  G.  S.  units) 
(lowest)        E  =  10^'  X  1-290     (  ,,  ). 

As  the  period  of  free  vibration  of  a  given  elastic  body  is  inversely 
proportional  to  \/E,  the  period  of  vibration,  for  instance,  of  a 
chimney,  whose  brick-work  has  itsE=10^®  x  1-29  (C.  G.  S.  units) 
would  be  about  double  that  of  another,  similar  to  it,  but  made 
up  of  brick-work  whose  E=10^'  x  4-596  (C.  G.  S  units).  This 
method  of  experiment  is  applicable,  by  increasing  the  sensitiveness 
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erf  the  in-^tnjrri^rit^.  to  c^ilurnrj^  of  rnach  gnEratt-r  eD>w  strction  than 
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127«  I  have  sought  to  give  an  epitome  of  the  Recent  Seismolo- 
gical  Investigations  in  Japan.  In  our  work  we  have  been  very  much 
helped  by  the  recent  remarkable  spell  of  seismic  activity,  both  on 
account  of  the  general  interest  excited,  and  also  by  the  many  excel- 
lent opportunities  given  to  scientific  men  and  engineers  to  study 
the  seismic  phenomena.  We  have  now  passed  through  the  stage 
of  first  rough  approximations  in  our  investigations,  and  are  about 
to  enter  upon  the  second  approximations.  Instead  of  groping 
almost  in  the  dark,  as  in  the  early  days,  we  now  know  more 
accurately  what  we  need,  and  can  better  adjust  our  means  to 
our  wants.  In  many  cases  we  have  got  the  outline  and  shall  have 
to  fill  in  the  details ;  in  others  we  shall  have  to  extend  our  results 
from  particular  to  general,  and  so  on. 

12S^  Moreover,  now  that  our  improved  seismographs  show 
that  earthquake  waves  are  propagated  to  distant  parts  of  the  world, 
sometimes  even  more  than  once  round  the  world,  international 
cooperation  has  become  desirable.  Tlie  British  Association  for  the 
Advancement  of  Science  has  done  well  in  inviting  the  cooperation 
of  different  countries  in  seismological  work;  but  something  more 
than  a  private  enterprise,  an  international  organisation  with 
nations  contributing,  is  necessary  for  a  work  of  this  kind ;  and 
I  am  glad  to  say  that  an  International  Seismological  Association 
is  now  in  course  of  organisation.  This  association  will  no 
doubt  concern  itself  primarily  with  the  investigation  of  the 
movements  of  the  earth's  crust,  sensible  and  insensible, — the  nature 
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anrl  relation*?  of  these  movement.s,  the  path,  velocity,  and  mode  of 
propagation  of  their  waves,  and  the  methods  of  obser\4ng  them. 
The  B.  A.  A.  S.  laid  much  stress  on  making  observations  with 
similar  insti-uments;  but  this  seems  to  be  by  no  means  so  essential: 
what  is  important,  is  rather  that  the  peculiarities  of  each  instru- 
ment, j-uch  as  its  proper  period,  the  degree  of  damping,  and  the 
amount  of  friction  between  the  parts  (whether  rolling  or  sliding), 
<fcc.  should  be  definitely  known  and  carefully  considered  in 
discussing  the  records. 

I  am  glad  to  see  however  that  the  International  Seis- 
mological  Association  will  not  confine  itself  simply  to  the  obser- 
vation of  earth  motion  and  to  its  discussion :  it  should,  either  by 
itself  or  in  cooperation  with  other  bodies,  occupy  itself  with  all  the 
principal  problems  relating  to  Seismology. 

129*  It  appears  that  the  seismic  and  volcanic  activity  is  not 
generally  manifes-ted  in  an  isolated  manner  nor  confined  to  a  small 
part  of  the  world,  but  rather  tends  to  occur  in  groups,  and  often 
simultaneously  in  distant  parts  of  the  world.  Thus,  in  the 
nineties,  we  had,  in  Japan,  a  series  of  large  and  destructive 
earthquakes,  volcanic  eruptions,  tsunamis,  <fec. ;  during  the  single 
month  of  Sept.,  1899,  there  were  4  large  earthquakes  in  different 
parts  of  the  world ;  viz.  two  in  Alaska,  one  in  Asia  Minor,  and 
one  in  Ceram.  Are  these  mere  coincidences,  or  is  there  some 
relation  between  them? 

With  regard  to  earth  magnetism,  it  may  be  that  not 
merely  local  disturbances  but  widespread  ones  also  have  some  con- 
nection with  seismic  activity ;  it  would  be  as  rash  to  assume  that 
because  a  magnetic  disturbance  was  observed  over  a  large  part  of  the 
world,  tlierefore  it  had  no  connection  with  the  seismic  disturbance 
at  any  one  spot,  as  that  a  local  magnetic  disturbance  has  a  necessary 
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connection  with  an  earthquake  near  to  the  disturbance  in  time  and 
space.  It  will  require  a  most  careful  and  extensive  examination 
before  these  relations  can  be  accepted  or  rejected.  It  is  possible 
that  both  of  these  phenomena  as  also  Volcanic  Activity,  Variation 
of  Latitude,  &c.  may  be  different  manifestations  of  one  and  the 
same  cause. 

I  have  stated  what  we  have  been  doing  in  Japan  to  find  out 
the  relations  of  the  seismic  with  other  phenomena,  such  as  the 
Seasons,  the  Changes  of  Barometric  Pressure,  the  Phases  of  the 
Moon,  the  Changes  of  Underground  Temperature,  etc.  Among 
them,  some  seem  to  be  fairly  well  established,  although  their  exact 
determination  must  await  future  observations;  while  others  are 
still  doubtful  and  will  require  further  examination. 

There  are  other  physical  determinations,  such  as  Gravity,  the 
Elastic  Constants  of  Rocks,  and  their  Thermal  Conductivity,  the 
Elastic  properties  of  the  Earth's  crust,  etc.,  eminently  useful  to 
seismologists. 

I  do  not  speak  of  Geology,  the  importance  of  which  is 
obvious;  what  seismologists  want  to  know  above  all  things  is  the 
geotectonic  nature  of  the  region  concerned,  for  on  this  must 
depend  its  seismic  character.  In  fact,  it  is  as  a  means  of  getting  an 
insight  into  this  and  the  stresses  in  the  earth' s  crust  that  the  seis- 
mologists want  the  determinations  of  physical  phenomena  above 
mentioned.  In  a  word,  pure  Seismology  is  a  branch  of  Geophy- 
sics, the  Dynamics  of  the  Earth's  crust,  so  to  speak. 

130«  On  the  other  hand,  seismologj^-  has  rendered  service  to 
pure  physics  in  several  ways,  among  others,  in  calling  the  attention  of 
physicists  to  the  necessity  of  not  overlooking  the  eflfects  of  insensible 
but  by  no  means  veiy  small  movements  of  the  earth's  crust  in 
delicate  physical    determinations:    Prof.    Nagaoka    mentions    an 
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interesting  instance  in  which  the  pendulum  experiments  for  the 
determination  of  gravity  in  Tokyo  were  affected  by  insensible 
movements  of  the  earth,  due  to  a  great  earthquake  originating  off 
the  south-western  coast  of  Alaska.  ^^ 

131#  With  regard  to  the  prediction  of  earthquakes,  it  is  not  to 
be  expected  that  the  E.  I.  C.  should  be  able  to  accomplish  so  difficult 
a  task  within  so  short  a  time,  but  there  is  no  reason  to  assume  that 
by  further  perseverance  in  the  same  and  other  investigations,  we 
shall  not  finally  arrive  at  this  desired  goal. 

On  the  practical  side,  the  E.  I.  C.  has  done  work  of  much 
importance  in  an  earthquake  country  like  Japan.  Some  of  the 
results  however  are  not  confined,  in  their  application,  to  earth- 
quake countries;  the  determinations  of  the  vibrations  of  railway 
bridge  piers,  of  the  deflection  and  vibrations  of  girders  and  trusses, 
of  vibrations  of  railway  and  electric  cars  and  of  ships,  will  be  of 
interest  and  use  to  engineers  in  all  parts  of  the  world. 

132«  The  study  of  Seismology  is  a  fascinating  one,  but  to  us 
who  are  living  in  a  country  like  Japan,  it  is  not  merely  of  theoretical 
interest,  but  of  great  practical  importance.  We  have  so  far  done  our 
best  to  advance  its  knowledge,  and  we  have  got  over  the  first  stage ; 
and  now^  that  the  cooperation  of  the  whole  world  is  in  a  fair  way  to 
be  established  by  the  organisation  of  an  International  Seismological 
Association,  I  trust,  we  shall  not  be  wanting  in  doing  our  proper 
share  of  the  work,  large  as  that  share  should  be ;  more  especially, 
is  it  our  part  to  assist  in  the  province  of  the  Macro-seismic  Investi- 
gation, considering  that  no  other  country  has  such  an  unenviable 
preeminence  in  the  matter  of  earthquake  frequency. 


1)    Jour.  Sc.  Coll.,  Vol.  XVI.  Art.  11,  p  17. 
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